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(57)Abstract: 

PROBLEM TO BE SOLVED: To secure magnetic coupling of ferromagnetic 
metallic layers and to obtain an excellent magnetized stuck surface, 
causing mirror reflection of electrons to occur, by providing a nonmetallic 
layer as an electron reflecting layer in the middle of the magnetized stuck 
layer, and laminating two kinds of layers as a backing for the nonmetallic 
layer. 

SOLUTION: By forming a nonmetallic layer 50 on a second magnetic layer 
40 first of all, mirror reflection of electrons is caused to occur between 
these layers. As the result of this, it becomes possible to reduce the loss 
of momentum of the electrons. In addition, it becomes possible to cause 
mirror reflection of electrons to occur even at the interface between a 
second ferromagnetic metallic layer 26 and a nonmetallic layer 24, by 
forming the nonmetallic layer 24 in the middle of a first magnetized layer 
20. Accordingly, it is possible to cause electron reflection to occur even at 
an interface of a magnetic layer above or below a current path, in spite of 
using a metallic antiferromagnetic substance. Consequently, it becomes 
possible to minimize the loss of momentum of electrons, and to obtain an 
excellent bias magnetic field property, using the antiferromagnetic 
substance. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim I ] | A magneto-resistive effect element equipped with a spin bulb film which has the nonmagnetic middle class 
prepared between the 1st magnetic layer characterized by providing the following, the 2nd magnetic layer, and said 1 st 
magnetic layer and said 2nd magnetic layer Even if there are few said 1st magnetic layer and said 2nd magnetic layer 
either is the 1st ferromagnetic metal layer. The 1 st nonmetal layer prepared on said 1 st ferromagnetic metal layer The' 
2nd nonmetal layer which has a presentation which is established on said 1 st nonmetal layer and is different from said 
1 st nonmetal layer The 2nd ferromagnetic metal layer prepared on said 2nd nonmetal layer 

[Claim 2] | A magneto-resistive effect element equipped with a spin bulb film which has the nonmagnetic middle class 
prepared between the 1st magnetic layer characterized by providing the following, the 2nd magnetic layer, and said 1 st 
magnetic layer and said 2nd magnetic layer Even if there are few said 1st magnetic layer and said 2nd magnetic layer 

t tVi I ferromagnetic metal layer. The 2nd ferromagnetic metal layer which has a presentation which is 
established on said 1st ferromagnetic metal layer, and is different from said 1st ferromagnetic metal layer A nonmetal 
layer prepared on said 2nd ferromagnetic metal layer The 3rd ferromagnetic metal layer prepared on said nonmetal layer 

[Claim 3] | A magneto-resistive effect element equipped with a spin bulb film which has the nonmagnetic middle class 
prepared between the 1st magnetic layer characterized by providing the following, the 2nd magnetic layer, and said 1st 
magnetic layer and said 2nd magnetic layer Even if there are few said 1st magnetic layer and said 2nd magnetic layer 
either is the 1st ferromagnetic metal layer. The 1st nonmetal layer prepared on said 1st ferromagnetic metal layer The 
2nd ferromagnetic metal layer prepared on said 1 st nonmetal layer The 3rd ferromagnetic metal layer prepared on the 
2nd nonmetal layer prepared on said 2nd ferromagnetic metal layer, and said 2nd nonmetal layer 
[Claim 4] The 1 st magnetic layer The 2nd magnetic layer A nonmagnetic interlayer prepared between said 1 st magnetic 

ayer and said 2nd magnetic layer It is the magneto-resistive effect element equipped with the above. Said 1st magnetic 
layer and said 2nd magnetic layer at least either A lithium (Li), beryllium (Be), sodium (Na), magnesium (Mg) 
Alummum (aluminum), silicon (Si), **** (P), a potassium (K), Calcium (calcium), a scandium (Sc), a gallium (Ga) a 
rubidiurn (Rb), The 1st [ which was chosen from a group which consists of an element belonging to strontium (Sr) an 
yttrium (Y) caesium (Cs), barium (Ba), and lanthanum series ] ferromagnetic metal layer which contained one of 
elements 1 /c , or more at least, It is characterized by having a nonmetal layer formed on said ferromagnetic metal layer 
and the 2nd terromagnetic metal layer formed on said nonmetal layer. ' 
[Claim 5] Said 1 st ferromagnetic metal layer is a magneto-resistive effect element according to claim 4 characterized bv 
flung which was chosen from a group which consists of an element belonging to aluminum (aluminum), silicon (Si) and 
lanthanum series, and which contained one of elements 1% or more at least. 

[Claim 6] Spin characterized by providing the following The 1st magnetic layer It is the magneto-resistive effect 
element equipped with a nonmagnetic middle class bulb film prepared between the 2nd magnetic layer and said 1st 
magnetic layer and said 2nd magnetic layer. Said 1st magnetic layer and said 2nd magnetic layer at least either It has the 
1st terromagnetic metal layer, a nonmetal layer prepared on said 1st ferromagnetic metal layer, and the 2nd 
terromagnetic metal layer prepared on said nonmetal layer. Said nonmetal layer When it was the antiferromagnetic 
JtSx^+oV ma§netiC Peri ° d S6t t0?andan Me & T is set t0 n for *e thickness, it is formula Px(n+0.3) 
A magneto-resistive effect element characterized by carrying out ** satisfactory. 

[Claim 7] Spin characterized by providing the following The 1 st magnetic layer It is the magneto-resistive effect 
element equipped with a nonmagnetic middle class bulb film prepared between the 2nd magnetic layer, and said 1st 
magnetic layer and said 2nd magnetic layer. Said 1st magnetic layer and said 2nd magnetic layer at least either It has the 
1st terromagnetic metal layer, a nonmetal layer prepared on said 1st ferromagnetic metal layer, and the 2nd 
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ferromagnetic metal layer prepared on said nonmetal layer. Said nonmetal layer When it was the antiferromagnetic 
substance, and T and its magnetic period are set to P and an integer is set to n for the thickness, it is formula Pxfn-0 2) 
<=T<=Px (n+0.2). v ' 

A magneto-resistive effect element characterized by carrying out ** satisfactory. 

[Claim 8] It is the magnetic recording medium characterized by being the magnetic recording medium equipped with 
the magnetic head which reproduces information to magnetic-recording data medium, and said magnetic head having a 
magneto-resistive effect element according to claim 1 to 7. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the magnetic recording medium which carried 
the magneto-resistive effect element for which this invention used the spin bulb film at details, and this magneto- 
medhlm * elemCnt ^ magnetiC head m ° re about a magneto-resistive effect element and a magnetic recording 
[0002] 

[Description of the Prior Art] Generally, read-out of the information recorded on magnetic-recording data medium 
moved relatively the magnetic head for playback which has a coil to the record medium, and has been performed by the 
method of detecting the voltage by which induction is carried out to a coil by the electromagnetic induction then 
generated. On the other hand, when reading information, using a magneto-resistive effect element (it being hereafter 
called the "MR" element) is also known. (Reference, such as IEEE MAG-7,150 (1971)) . The magnetic head (it is 
hereafter called an "MR head") using MR element uses the phenomenon in which the electric resistance of a certain 
kind of ferromagnetic changes according to the strength of an external magnetic field. 

[0003] In recent years, miniaturization and large capacity-ization of magnetic-recording data medium are advanced the 
playback MAG signal at the time of information read-out is becoming very feeble, and expectation of MR head HE 
which can take out the more big output to high sensitivity is growing. Especially, the big magneto-resistive effect is 
acquired by the cascade screen of the sandwich structure of a ferromagnetic / non-magnetic material / ferromagnetic 
That is, exchange bias is exerted on one side of two ferromagnetic layers whose non-magnetic layers were pinched 
magnetization is fixed to it, and flux reversal of the ferromagnetic of another side is carried out by external magnetic 
fields (signal magnetic field etc.). A big magneto-resistive effect is acquired by changing by this the relative angle of the 
magnetization direction of two ferromagnetic layers arranged on both sides of a non-magnetic layer. The such type 
multilayer is called the spin bulb film (reference, such as Phys.Rev.B., Vo 1.45, p806 (1992), J.Appl.Phys., Vol.69, and 
p4774 (1991)). 

[0004] Since the magnetic-reluctance rate of change of a spin bulb film can change magnetization a lot with 5 - 8% in a 
low magnetic field, it is suitable for MR element. However, in order to correspond to the further densification of 
recordmg density, it is necessary to acquire still bigger MR rate of change, and to acquire current MR rate of change of 
twice to 3 times or more is desired. However, it is difficult to acquire 10% or more of MR rate of change by the simple 
metal laminating type spin bulb film, it ~ receiving - as a recently and bias film - NiO and Fe 203 etc ~ the "speculer 
spin bulb film" which carried out the laminating of the oxide layer is already attracting attention also to the front face of 
one of the two's magnetic substance using the insulating antiferromagnetic substance which consists of an oxide By 
putting further the sandwiches film of the magnetic substance / non-magnetic material / magnetic substance with an 
insulating material, specular reflection of the electron is carried out by the metal / insulating material interface and it is 
known for the speculer spin bulb film that about 20% of big magneto-resistive effect will be acquired. By the speculer 
spin bulb him, although it is necessary to insert the both sides of the magnetic substance / non-magnetic material / 
magnetic-substance sandwiches film by the oxide layer, it is necessary to carry out the laminating of the bias film for 
fixing magnetization in contact with magnetic substance of at least one of the two simultaneously, therefore - current - 
NiO and Fe 203 etc. - although the oxide antiferromagnetic substance is used, the oxide antiferromagnetic substance 
with a bias property good now enough is not known, but has become the neck of utilization. That is, since there is no 
insulating antiferromagnetic substance with an exchange bias magnetic field big enough and a blocking temperature 
high enough, it is difficult to use a speculer spin bulb film as a charge of real lumber. 

[0005] On the other hand, the method of acquiring the speculer effect is proposed by inserting an ultra-thin oxide into a 
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magnetic layer recently, using the metal antiferromagnetic substance. If this method is used, it will become possible to 
acquire the big MR effect, using the metal antiferromagnetic substance with a big exchange bias magnetic field and a 
blocking temperature high enough. However, it is important to create an ultra-thin oxide layer with a sufficient precision 
in this case, and it needs to create a good oxide layer with sufficient repeatability 
[0006] 9 ' 

[Problem(s) to be Solved by the Invention] This invention is made in view of such a technical problem. That is the 
object is to offer the magnetic head and the magnetic recording medium possessing the magneto-resistive effect element 
which has improved soft magnetic characteristics while making it compatible with the bias property of a good 
magnetization fixing film after maintaining big MR rate of change of a speculer spin bulb film. 

[Means for Solving the Problem] In order to attain the above-mentioned object, a magneto-resistive effect element of 
this invention With a nonmagnetic interlayer prepared between the 1st magnetic layer, the 2nd magnetic layer, and said 
I TfSo^f md Said 2nd ma 8 netic la y er lx is me magneto-resistive effect element equipped with a spin bulb film 
which ****. Said 1st magnetic layer and said 2nd magnetic layer at least either The 1st ferromagnetic metal layer and 
me 1st nonmetal layer prepared on said 1st ferromagnetic metal layer, The 2nd nonmetal layer which has a presentation 
which is established on said 1st nonmetal layer and is different from said 1st nonmetal layer, A nonmetal layer to which 
it is characterized by having the 2nd ferromagnetic metal layer prepared on said 2nd nonmetal layer, and specular 
reflection of the electron is carried out is formed with very thinly and sufficient repeatability, and the thing of it can be 
earned out. & 

[0008] A magneto-resistive effect element of this invention Or the 1st magnetic layer and the 2nd magnetic layer With 
a nonmagnetic interlayer prepared between said 1st magnetic layer and said 2nd magnetic layer It is the magneto- 
resistiye effect element equipped with a spin bulb film which **** Said 1st magnetic layer and said 2nd magnetic layer 
at least either The 2nd ferromagnetic metal layer which has a presentation which is established on the 1st ferromagnetic 
metal layer and said 1st ferromagnetic metal layer, and is different from said 1st ferromagnetic metal layer A nonmetal 
layer to which it is characterized by having a nonmetal layer prepared on said 2nd ferromagnetic metal layer and the 3rd 
terromagnetic metal layer prepared on said nonmetal layer, and specular reflection of the electron is carried out is 
lormed with very thinly and sufficient repeatability, and the thing of it can be carried out. 

[0009] A magneto-resistive effect element of this invention Or the 1st magnetic layer and the 2nd magnetic layer With 
a nonmagnetic interlayer prepared between said 1st magnetic layer and said 2nd magnetic layer It is the magneto- 
resistiye effect element equipped with a spin bulb film which **** Said 1st magnetic layer and said 2nd magnetic layer 
at least either The 1st ferromagnetic metal layer and the 1st nonmetal layer prepared on said 1 st ferromagnetic metal 
layer The 2nd ferromagnetic metal layer prepared on said 1st nonmetal layer, and the 2nd nonmetal layer prepared on 
said 2nd ferromagnetic metal layer, It can be characterized by having the 3rd ferromagnetic metal layer prepared on said 
2nd nonmetal layer, and electronic specular reflection can be produced very effectively. 

[0010] A magneto-resistive effect element of this invention Or the 1st magnetic layer and the 2nd magnetic layer With 
a nonmagnetic interlayer prepared between said 1st magnetic layer and said 2nd magnetic layer It is the maeneto- 
resistiye effect element equipped with a spin bulb film which **** Said 1st magnetic layer and said 2nd magnetic layer 
at least either A lithium (Li), beryllium (Be), sodium (Na), magnesium (Mg), Aluminum (aluminum), silicon (Si) **** 
(P), a potassium (K), Calcium (calcium), a scandium (Sc), a gallium (Ga), a rubidium (Rb), The 1st [ which was chosen 
from a group which consists of an element belonging to strontium (Sr), an yttrium (Y), caesium (Cs), barium (Ba) and 
lanthanum series ] ferromagnetic metal layer which contained one of elements 1% or more at least, A nonmetal layer to 
which it is characterized by having a nonmetal layer prepared on said ferromagnetic metal layer and the 2nd 
terromagnetic metal layer prepared on said nonmetal layer, and specular reflection of the electron is carried out is 
formed with very thinly and sufficient repeatability, and the thing of it can be carried out. 
[001 1] Said especially 1st ferromagnetic metal layer has a desirable thing which was chosen from a group which 
consists of an element belonging to aluminum (aluminum), silicon (Si), and lanthanum series and which contain one of 
elements 1% or more at least. 

[0012] Or the 5th magneto-resistive effect element of this invention With a nonmagnetic interlayer prepared between 
the 1st magnetic layer, the 2nd magnetic layer, and said 1st magnetic layer and said 2nd magnetic layer It is the 
magneto-resistive effect element equipped with a spin bulb film which ****. Said 1st magnetic layer and said 2nd 
magnetic layer at least either It has the 1st ferromagnetic metal layer, a nonmetal layer prepared on said 1st 
terromagnetic metal layer, and the 2nd ferromagnetic metal layer prepared on said nonmetal layer. Said nonmetal layer 
it is the antiterromagnetic substance, and can be characterized by satisfying formula Px(n+0.3) <=T<=Px (n+0 7) in the 
thickness, when T and its magnetic period are set to P and an integer is set to n, the synthetic antiferromagnetic 
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substance can be formed, and it can high-performance-ize further. 

[001 3] It defines by distance from a center position of a metal atomic layer which is in contact with a ferromagnetic 
metal layer side of an oxygen atomic layer nearest to an interface here when thickness of said nonmetal layer has a 
laminated structure called nickel atomic layer / oxygen atomic layer / nickel atomic layer / oxygen atomic layer / nickel 
atomic layer like an orientation (111) film of NiO to a center position. Moreover, also in a nonmetal layer with the more 
complicated crystal structure, it defines by distance from a center position of a metal atomic layer which is in contact 
with a metal layer side of an oxygen atomic layer nearest to an interface to a center position. 

[0014] Or the 6th magneto-resistive effect element of this invention With a nonmagnetic interlayer prepared between 
the 1st magnetic layer, the 2nd magnetic layer, and said 1st magnetic layer and said 2nd magnetic layer It is the 
magneto-resistive effect element equipped with a spin bulb film which **** Said 1st magnetic layer and said 2nd 
magnetic layer at least either It has the 1st ferromagnetic metal layer, a nonmetal layer prepared on said 1st 
ferromagnetic metal layer, and the 2nd ferromagnetic metal layer prepared on said nonmetal layer. Said nonmetal layer 
When it was the antiferromagnetic substance, and T and its magnetic period are set to P and an integer is set to n for the 
thickness, it is formula Px(n-0.2) <=T<=Px (n+0.2). 

m^i b ^ Ch f aCt ? Z ^ d by Canying ° Ut ** satisfactoi y> and sta ble ferromagnetic-like association can be obtained. 

u i ' 3 ma ^ ehc recor ding medium of this invention is a magnetic recording medium equipped 

with the magnetic head which records or reproduces information to magnetic-recording data medium, and said magnetic 
head can be characterized by having one of magneto-resistive effect elements mentioned above, and can realize a big 
regenerative-signal output and good thermal stability. 
[0016] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained, referring to a drawing 
Drawin g- 1 1S a conceptual diagram showing the cross-section structure of the magneto-resistive effect element 
concerning the gestalt of operation of the 1st of this invention. That is, the magneto-resistive effect element of this 
invention has the structure where the laminating of the antiferromagnetism layer 10, the 1st magnetic layer 20 the 
nonmagnetic interlayer 30, the 2nd magnetic layer 40, and the nonmetal layer 50 was carried out to this order on a 
predetermined substrate. 

[001 17] Furthermore the hard magnetism films 80 and 80 are formed in the both sides of this laminated structure and 
electrodes 82 and 82 are formed on each hard magnetism film. 

[0018] in this example, magnetization fixes the 1st magnetic layer 20 - having - an one direction - different - it acts 
as a magnetization fixing layer" which withered according to modality. Moreover, the 2nd magnetic layer 40 acts as 
magnetic field reception layer" by which flux reversal is carried out in the external magnetic fields (for example signal 
magnetic field etc.) generated from magnetic-recording data medium which is not illustrated, or a "free layer " 
[0019] The 1st magnetic layer 20 which is a "magnetization fixing layer" has the structure which carried out the 
laminating of the ferromagnetic metal layer 22, the nonmetal layer 24, and the ferromagnetic layer metal layer 26 to this 
order. Furthermore, in this operation gestalt, it has the structure to which the nonmetal layer 24 carried out the 
laminating of 1st nonmetal layer 24A and the 2nd nonmetal layer 24B. 

[0020] In the magneto-resistive effect element of this invention, the magnetic field intensity impressed to the 2nd 
magnetic layer 40 is detectable by impressing bias voltage to a longitudinal direction toward drawin g 1 through 
electrodes 82 and 82, and measuring change of magnetic reluctance. The current produced with bias voltage at this time 
mainly flows to field inboard in the 2nd ferromagnetic metal layer 26, the nonmagnetic interlayer 30 and the 2nd 
magnetic layer 40. 

[0021] Here, in order to acquire a magneto-resistive effect more notably, it is necessary to reduce loss of the momentum 
ot the electron which flows to field inboard with impression of bias voltage. According to this invention, electronic 
specular reflection can be first produced among these layers by forming the nonmetal layer 50 on the 2nd magnetic layer 
4U. Loss ot an electronic momentum can be reduced as this result. 

[0022] Furthermore, according to this invention, also in the interface of the 2nd ferromagnetic metal layer 26 and the 
nonmetal layer 24, electronic specular reflection can be produced by forming the nonmetal layer 24 in the medium of 
the 1st magnetic layer 20. that is, when the metallic antiferromagnetic substance, such as NiMn, PtMn and IrMn is 
used as a material of the antiferromagnetism layer 10 According to this invention, to it being difficult to produce' 
e ectronic specular reflection between the antiferromagnetism layer 10 and the 1st magnetic layer 20, and loss of an 
electromc momentum arising while using the metallic antiferromagnetic substance - the upper and lower sides of a 
current path - an electronic echo can be caused also in the interface of which magnetic layer. 
[0023] A good bias magnetic field property is realizable, making loss of an electronic momentum minimum-ize and 
using the antiferromagnetic substance as the result. Furthermore, it becomes possible to acquire 15% or more of big 
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value as MR rate of change, maintaining a high blocking temperature of 250 degrees C or more 
[0024] Here, if the thickness of the nonmetal layer 24 prepared in the medium of the 1st magnetic layer 20 is too thick 
it will block magnetic coupling with the ferromagnetic metal layers 22 and 26 of the upper and lower sides and it ' 
produces the problem that a good magnetization fixing property cannot be acquired. On the other hand, if the thickness 
of the nonmetal layer 24 is too thin, formation of a uniform and continuous thin film can become difficult and 
electronic specular reflection cannot fully be produced. That is, the need of forming a very thin and uniform thin film 
with sufficient repeatability as a nonmetal layer 24 arises. im 
[0025] Generally, when forming an ultra-thin nonmetal layer, forming is more desirable than form the metal layer of the 

rS S n?roa°/n ^ * TOm ?^^. ft * P ut the *»* *> ambient atmospheres, such as a gas containing oxygen 
(O), nitrogen (N), or a fluorine (F), or its plasma, and making it react. However, if a reaction progresses too much in this 

E£ Ifh °ll m Z etal ^ Wi " b6C0me thick t0 ° mUch ' ma ^ etic cou P lin 8 wil1 g° out in * nonmetal 

layer, and it will become difficult to acquire a good magnetization fixing property. For this reason, progress of a 

ITeactionwa! J not ea^sy repeatability ' but with the conventional configuration, precise control of 

[0026] On the other hand according to this operation gestalt, it becomes possible by making the nonmetal layer 24 into 
the laminated structure of 1st nonmetal layer 24A [ 1st ] and 2nd nonmetal layer 24B to form the thickness of the whole 

ZT^^Z* 7 T f 16nt rep f atabilit y ^ ^ is > with * is "P***™ gestalt, the laminating configuration of 
*vo or more sorts of materials is used as a material for forming the nonmetal layer 24. As a material of 1 st nonmetal 
layer 24A a material with more strong resistance is used to reactions, such as oxidation and nitriding. Moreover as a 

mn^in T"*** 24B ' materfal which Can cause a 8 ood electronic echo » ^ed after a reaction. 
[0027] Drawing^ is a process cross section which expresses the formation method of the nonmetal layer 24 notionallv 

t exp " e l se + d *° taingj (a), the laminated structure of the substrate layer 22 and a thin film X is prepared. Here 
as for the substrate layer 22 it is desirable to serve as a part of 1st ferromagnetic metal layer, and to consist of a material 
with large resistance to oxidation, mtnding, or fluoride. As the material, it is desirable to contain nickel (nickel) for 
example, it can use nickel and an iron (NiFe) alloy. h 
[0028] Moreover, a thin film X consists of a material which can cause a good electronic echo by oxidation, nitriding or 

?M°a? A! AS T? ■ t0 ?*? ir ° n (C0Fe) ' f ° r 6Xample A lithium < Li >' Ber y llium ( Be >> (Na), magnesium 

, T?™£u^ m b Slhc ?l (Sl }> **** (P) ' a P ° taSSium ^ Calcium < calcium )> a scand ^ (Sc), a Slium 
(Ga) a rubidium (Rb), The thing of the element belonging to strontium (Sr), an yttrium (Y), caesium (Cs), barium (Ba) 
and lanthanum series which added one of elements at least can be used 

[0029] Moreover, deposition of a thin film X can be performed by methods, such as sputtering, vacuum deposition, and 
CVD. In this case, it is comparatively easy to deposit a thin film X thinly enough 

[0030] Next, as expressed to drawing 2 (b), 1 st nonmetal layer 24A and 2nd nonmetal layer 24B are formed The front 
face of a tfun film X and a substrate 22 is made to react by specifically putting to the ambient atmosphere containing 
oxygen (O) nitrogen (N), or a fluorine (F). In this case, since a thin film X has comparatively high reactivity the whole 
reacts, and 2nd nonmetal layer 24B is formed. However, since the substrate layer 22 under it contains a material with 

\uT- r f S1StmC ! °, ? aCtl ° n ' pr0gress of a reaction is P reven ted and ultra-thin nonmetal layer 24A is formed That 
is, the thickness of the whole nonmetal layer 24 is substantially determined by the thickness of a thin film X For this 
reason, the ultra-thin and uniform nonmetal layer 24 can be formed with sufficient repeatability 
[0031] According to this invention, a substrate can act as a stopper layer to a reaction, and can form an ultra-thin and 
uniform nonmetal layer with sufficient repeatability. As the result, producing electronic specular reflection, magnetic 
coupling of the 1st ferromagnetic metal layer 22 and the 2nd ferromagnetic metal layer 26 can be secured and I good 
magnetization fixing property can be acquired. 

[0032] Moreover, in dra_wjngj. thru/or drawing 2 , although the case where the nonmetal layer 24 consisted of two kinds 
of nonmetal layers was illustrated, this invention is not limited to this. That is, the laminated structure which consists of 
three kinds or a nonmetal layer beyond it may be adopted as structure of the nonmetal layer 24. Also in this case the 
same effect can be acquired by preparing the layer which secures electronic specular reflection to an upside and' 
preparing the layer which has the role which prevents too much reaction to the down side ' 
[0033] Below, the configuration of each class which constitutes the magneto-resistive effect element concerning this 
operation gestalt is explained further at details. B 
[0034] First, an oxide, a nitride, or a fluoride can be used as a material of the nonmetal layer 24. When using a non- 
magnetic material (material which carries out neither the ferromagnetic magnetization array of spin nor an 
antiferromagnetism array at a room temperature), as for the total thickness of the nonmetal layer 24^ it is [ among these 1 
desirable to be referred to as 3nm or less. This is because the magnetic bonding strength between the ferromagnetic 
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metal layers 22 and 26 of the both sides whose nonmetal layers 24 were pinched will become small if the thickness of 
the nonmetal layer 24 becomes thicker than this, and fixing of magnetization of the ferromagnetic metal layer 26 which 
touched the nonmagnetic interlayer 30 becomes difficult. Moreover, in order to acquire better magnetization fixing it is 
more desirable to set sum total thickness of the nonmetal layer 24 to 2nm or less. 

[0035] When using the antiferromagnetic substance or a ferromagnetic as a material of the nonmetal layer 24 the un- 
and-down magnetic layers 22 and 26 can be magnetically fixed through the nonmetal layer 24. Therefore if the 
toickness of the sum total of the nonmetal layer 24 is 5nm or less, it is possible to fix magnetization of the ferromagnetic 
metal layer 26 which fully touched the nonmagnetic interlayer 30. However, in order to obtain firmer magnetic-like 
association, as for the thickness of the sum total of the nonmetal layer 24, it is desirable that it is 3nm or less 
nmS S 8gCr T f C °{ gC USing a ferroma gnetic especially and association between layers can be obtained 
[0037] Moreover, when the material of the nonmetal layer 24 is the antiferromagnetic substance, considering 
environmental temperature of operation, it is desirable for Neel temperature to be 250 degrees C or more and it is more 

fav72 ^ d ,T^ ™ ™" * is has low Ned temperature, it is for tfe up-^nfTn^Z 
layer 22 and the thermal stability of association of 26 to deteriorate. 

[0038] However in order to pinch the nonmetal layer 24 of this invention odor to which specular reflection of the 
electron is carried out with ferromagnetics 22 and 26 from both sides, Neel temperature rises rather than a bulk value by 

fn .W Tf ? m ferT T agnetic - F ° r this reaSOn ' as for the both sides of nonmetal layer 24 used as 
an electronic reflectmg layer it is desirable to sandwich with high Fe (iron) system or Co (cobalt) system alloy of a 

(SoxidS b^toSthod 1 6 ^ SeCUmble ^ adjUSting 3 presentation suitabl y also in a m aterial Hke NiO 

S ^ ^ m T ri ? °l ±G n ° 1 nmet ? kyer 24 is a fOTOraa ^tic and environmental temperature of operation is 
considered on the other hand, it is desirable for curie temperature to be 100 degrees C or more, and it is still more 
desirable that it is 200 degrees C or more. In order to pinch the nonmetal layer 24 which turns 'info an dSnST 

Ih^l k° 1 i aS6 , m * e f™ 3 ^ 0 la y ers 22 ^ d 26 from both sides, the Curie point goes up rather 
than a bulk value by the molecule magnetic field from a ferromagnetic. For this reason, as for me both sides of the 
nonmetal layer 24, it is desirable to sandwich with high Fe system or Co system alloy of a curie point. A curie point 
high enough is securable by adjusting a presentation suitably also in a material like for example, a perovskite system by 

S n°l TT f °u m 3 m f erfal ^ a ferrite SyStem ' StiU more sufficient curie Point is securable. Y * 
L0040] On the other hand, the gestalt of magnetic association of the up-and-down ferromagnetic metal layers 22 and 26 
maybe combined so that magnetization may be parallel, and magnetization may combine with anti-parallel. Moreover 
StT r k A 6 ^ ^ WWC !l 90 abbreviati on and may together. Or it is satisfactory even if it is ' 

^ZS^^ZSSF of associatlon ' il is " to become 311816 change of lessThan 1 0 de ^ es 

Kif 11 ° rd 7 t0 T7 ° Ut aSSOciation ? f a vertical ma gnetic lay* to parallel, it is desirable to use a ferromagnetic or 
J, ™^ subs as a matenal of nonmetal layer 24. However, the antiferromagnetic substance can also 
be used. In that case, it is desirable to use an insulating material which magnetization of each atomic layer arranges to 

fi^^ZZ at ° mi K (laminatin S> ^ Ni °- In that ^ is desirable to set up the thickness of the noLtfal 
layer 24 so that the number of magnetic atomic layers may become close to even number 

STf J 1 "?/' aS , a T^if the n0nmetal layer 24 ' h is a ferTOm agnetic and it is desirable to use that with which it is 
satisfied of formula Px(n-0^2) <=T<=Px (n + 0.2) in the thickness when T and its time period are set to P and an integer s 

S£ L f C ' 3 18 ' Pen ° d ° f ^ ma ^ zati ™ ^n P'°duced in the direction of thickness of a nonmetal 

contains ' magnetlC Peri0d Changes in me sha P e of a s P iral over a number atomic layer, it 

[0043] Specifically, the insulating material which magnetization of each atomic layer has arranged to anti-parallel to an 

n ri'tolr e r d llke f ° ( r kel r?* ™ e orientation (i 1 1) fibn ° f ni ° *» - 

nlll ?v y ° Xy8en at ° miC layef ' mckel at0mic la ? QT 1 ox y§ en atomic ^ I nickel atomic layer. The time 
F^nods m this case are an oxygen atomic layer / nickel atomic layer / oxygen atomic layer / nickel atomic layer. 
Therefore, it is desirable to set up the thickness of the nonmetal layer 24 so that the number of the oxygen atomic layers 
seen in the direction of thickness of a nonmetal layer may become close to even number. However, if magnetk Y 
rnn^fo 11 aS u°^ 18 Para l ld ' Since * is g00d ' the number does not necessarily need to be even exactly. 
SrtS L^ re ' ? 6 ?T™ ° m ^ ^ P ° Siti0n ° f the metal at0mic ^ which is ^ intact with the ferromagnetic 
ZmiM? w ° Xy8 f at ° miC ^ nearest t0 m interfa <* to a center position defines the thickness of sati 
frnT2 ^ M0 t re0Ve 5' also in J nonmetal la y er witb the more complicated crystal structure, it defines by distance 
from the mam position of the metal atomic layer which is in contact with the metal layer side of the oxygen atomic layer 
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nearest to an interface to a center position. Moreover, in the case of the oxide which has the more complicated crystal 
structure, the above-mentioned definition is applicable similarly. 

[0045] In order to carry out association of the up-and-down ferromagnetic metal layers 22 and 26 to anti-parallel, as a 
material of the nonmetal layer 24, it is the antiferromagnetic substance and it is desirable to use that with which it is 
satisfied of formula Px(n+0.3) <=T<=Px (n+0.7) in the thickness when T and its magnetic period are set to P and an 
integer is set to n. Here, a "magnetic period" is a period of the magnetization spin produced in the direction of thickness 
of a nonmetal layer, for example, also when one magnetic period changes in the shape of a spiral over a number atomic 
layer, it contains. 

[0046] Specifically, the insulating material which magnetization of each atomic layer has arranged to anti-parallel to an 
atomic stack can be used like NiO (nickel oxide). The "magnetic periods" in this case is an oxygen atomic layer / nickel 
atomic layer / oxygen atomic layer / nickel atomic layer. Therefore, it is desirable to set up the thickness of the nonmetal 
layer 24 so that the number of the atomic layers seen in the direction of thickness of a nonmetal layer may become close 
to odd number, however, the magnetic connection as total ~ anti-parallel - it is ~ ****i n g - a sake - since ~ also **** 
(ing) ~ the number does not need to be odd exactly. 

[0047] Moreover, also when using the ferrimagnetic substance, it is desirable to choose thickness so that a field where 
the magnetic site of the spin site of an one direction of the electronic reflecting layer in an interface with the nonmetal 
layer 24 used as a ferromagnetic and an electronic reflecting layer increases may be chosen and the direction may serve 
as anti-parallel by the upside interface and bottom interface. 

[0048] Moreover, although the nonmetal layer 24 may be in an amorphous (amorphous) condition, it is desirable that it 
is in a microcrystal condition or a polycrystal condition, and it is still more desirable to have a magnetic layer and an 
epitaxial relation. In order to strengthen association of the vertical magnetic layers 22 and 26 and to increase an 
electronic reflection coefficient especially, it is desirable to have an epitaxial relation. 

[0049] Moreover, although the nonmetal layer 24 may be in the condition of a completely continuous thin film, the 
pinhole may open. If the pinhole is open, since the vertical magnetic layers 22 and 26 will be enabled to join together 
magnetically through the hole, strong magnetic connection can be obtained. However, since an electronic reflection 
effect will become small if there is not much much existence of a pinhole, the rate of a pinhole is made into area and it 
is desirable that it is 50% or less of the whole. In order to raise an electronic reflection effect furthermore, as for the rate 
of a pinhole, it is desirable that it is 20% or less, and it is still more desirable that it is 10% or less. 
[0050] Moreover, although there may be 2nm or more of irregularity of an average of the interface, i.e., the interface of 
2nd nonmetal layer 24B and the ferromagnetic metal layer 26, which carries out specular reflection of the electron, it is 
more desirable that it is 2nm or less. Since an electronic reflection coefficient deteriorates that the irregularity of an 
interface is 2nm or more, MR rate of change will decrease. Since the smooth nature of a spin bulb film goes up and the 
irregularity of a front face or an interface decreases when the antiferromagnetism layer 10 is formed in the bottom as 
illustrated to d rawing 1 , a bigger electronic reflection effect can be acquired. In this case, in order to decrease the 
irregularity of an interface further, as a substrate of the antiferromagnetism layer 10, a tantalum (Ta), titanium (Ti), 
chromium (Cr), aluminum (aluminum), etc. can be used. 

[0051] Moreover, the substrate layer which raises wettability with a substrate was prepared, the laminating of the 
material which raises a crystal stacking tendency like copper (Cu), gold (Au), and silver (Ag) on it was turned further 
up, and the antiferromagnetism layer 1 0 may be deposited. As for the difference of the lattice constant of a substrate and 
the metal layer by which a laminating is carried out on it, at this time, considering as less than 5% is desirable. By this, 
it becomes possible to raise whole smooth nature and a whole stacking tendency, an electronic reflection coefficient 
rises, and the bigger MR effect can be acquired. 

[0052] It is better to carry out the maximum dense plane orientation more desirably, although orientation of the 
nonmetal layer 24 as an electronic reflecting layer does not necessarily have to be carried out. By carrying out 
orientation of the electronic reflecting layer to the maximum ****, it becomes possible to obtain a bigger electronic 
reflection factor. Moreover, it is also possible for the membraneous quality of the ferromagnetic metal layer 26 which 
carries out a laminating on it to improve, and to raise soft magnetic characteristics with the structure which formed an 
antiferromagnetism layer 10 like drawing 1 at the bottom. 

[0053] As a material of the ferromagnetic metal layers 22 and 26 or the 2nd magnetic layer 40, although the magnetic 
substance, such as nickel (nickel), cobalt (Co), and iron (Fe), can be used, 2 yuan system magnetism alloys, such as 
NiFe and CoFe, are sufficient. In order to obtain big MR rate of change and good soft magnetic characteristics 
especially, it is desirable to use the magnetic alloy containing cobalt (Co). By using a cobalt system alloy, it becomes 
possible to acquire big spin dependence dispersion and a good electronic reflection effect, and the big MR effect can be 
acquired. Moreover, the magnetic-substance alloy of 3 yuan or more may be used similarly. 
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[0054] Moreover, it does not necessarily need to be the same, one side is NiFe, and another side may change the 
material of the ferromagnetic metal layers 22 and 26 like CoFe. In this case, since the one where resistance of the 
ferromagnetic metal layer 22 which is not in contact with the nonmagnetic interlayer 30 is higher can reduce the effect 
of a shunt, in the ferromagnetic metal layer 22, it is desirable to add high resistance-ized additives, such as chromium 
(Cr), a tantalum (Ta), titanium (Ti), vanadium (V), a tungsten (W), a rhodium (Rh), and a ruthenium (Ru). 
[0055] The 1st ferromagnetic metal layer 22 can be made into two-layer structure, and it can be made to act in the 
structure especially illustrated to drawing. .1 as the layer which acts substantially considering the layer of the bottom as a 
magnetic fixing layer, and a layer which prevents a reaction for an upper layer. What has the large bulk effect as a 
material of the layer of the bottom in this case which affects MR variation is desirable. A cobalt (Co) system magnetism 
alloy can be mentioned, and, as for the thickness, specifically, forming thickly relatively is desirable. As mentioned 
above as a material of the layer of the upside in this case on the other hand, it can consider as the magnetic alloy of a 
nickel system, and, as for that thickness, forming thinly is desirable in the range which can prevent a reaction. 
[0056] Furthermore, these magnetic layers 22, 26, and 40 may have a laminated structure of the magnetic substance and 
non-magnetic material more than two-layer, respectively. For example, you may consider as two-layer structure like 
CoFe/Cu. Or you may consider as a three-tiered structure like CoFe/Ru/CoFe, or may be the laminated structure of four 
or more layers. 

[0057] Moreover, although orientation of these magnetic layers does not necessarily have to be carried out, it is 
desirable for the structure of a crystal lattice to carry out plane orientation in the magnetic substance of fcc'(l 1 1) it is 
desirable to carry out plane orientation in the magnetic substance of bcc structure (1 00), and it is it is desirable to carry 
out the maximum dense plane orientation, and desirable [ the magnetic layers ] for the c-th page to carry out orientation 
within a field in the magnetic substance of hep structure. 

[0058] Next, the gestalt of operation of the 2nd of this invention is explained. Drawing 3 is a conceptual diagram 
showmg the cross-section structure of the magneto-resistive effect element concerning the gestalt of operation of the 
2nd of this invention. That is, the magneto-resistive effect element of this operation gestalt also has the structure where 
the laminating of the antiferromagnetism layer 10, the 1st magnetic layer 20, the nonmagnetic interlayer 30, the 2nd 
magnetic layer 40, and the nonmetal layer 50 was carried out to this order, on a predetermined substrate. Since the 
concrete configuration and concrete role of each class can be made to be the same as that of the thing and outline which 
were mentioned above about drawing 1 thru/or drawing ! , the same sign is given to the same portion and detailed 
explanation is omitted. 

[0059] Moreover, in drawing 3 , since it was easy, the hard magnetism films 80 and 80 and electrodes 82 and 82 which 
were illustrated to drawing 1 were omitted. 

[0060] In this operation gestalt, it is characterized by the 1st ferromagnetic metal layer 22 consisting of a laminated 
structure of two or more sorts of ferromagnetics. That is, in the example expressed to drawing 3 , the 1st ferromagnetic 
metal layer 22 has the structure which carried out the laminating of 1st layer 22 A and the 2nd layer 22B. 
[0061] As for 1st layer 22 A, what acts substantially as a magnetic fixing layer and can acquire a big one direction 
amsotropy as the material is desirable. A cobalt (Co) system magnetism alloy can specifically be mentioned On cobalt 
iron (Fe), nickel (nickel), gold (Au), silver (Ag), The alloy which added any one sort of the elements, such as copper 
(Cu), palladium (Pd), platinum (Pt), iridium (Ir), a rhodium (Rh), a ruthenium (Ru), an osmium (Os), and a hafnium 
(Hf), or two sorts or more can be mentioned. 

[0062] 2nd layer 22B consists of a material with the high resistance over the oxidation, nitriding, or fluoride reaction in 
the case of formation of the nonmetal layer 24 while having the ferromagnetic property that it can act as a magnetic 
fixing layer. That is, as mentioned above about the 1st operation gestalt, although the nonmetal layer 24 is formed in 
response to the time of making the nonmetal layer 24 form by the reaction, in this case, the surface layer of 2nd layer 
22B can prevent too much reaction, and can obtain the nonmetal layer 24 ultra-thin as a whole and uniform with 
sufficient repeatability. As a material of 2nd layer 22B, the alloy of a nickel (nickel) system can be mentioned, for 
example. 

[0063] According to this operation gestalt, the various effects mentioned above about the 1st operation gestalt are 
acquired similarly, further, by preparing 1st layer 22A with a high bulk effect in the 1st ferromagnetic metal layer 22, a 
magnetization fixing property can be improved and a bigger one direction anisotropy field can be obtained. 
[0064] Next, the gestalt of operation of the 3rd of this invention is explained. Drawing 4 is a conceptual diagram 
showing the cross-section structure of the magneto-resistive effect element concerning the gestalt of operation of the 3rd 
of this invention. That is, the magneto-resistive effect element of this operation gestalt also has the structure where the 
laminating of the antiferromagnetism layer 10, the 1st magnetic layer 20, the nonmagnetic interlayer 30, the 2nd 
magnetic layer 40, and the nonmetal layer 50 was carried out to this order, on a predetermined substrate. Since the 
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concrete configuration and concrete role of each class can be made to be the same as that of the thing and outline which 
were mentioned above about drawing! thru/or drawing 2 , the same sign is given to the same portion and detailed 
explanation is omitted. 

[0065] Moreover, in drawing 4 , since it was easy, the hard magnetism films 80 and 80 and electrodes 82 and 82 which 
were illustrated to drawing 1 were omitted. 

[0066] In this operation gestalt, it has the structure to which the 1st magnetic layer 20 carried out the laminating of a 
two-layer nonmetal layer and at least three-layer ferromagnetic metal layer by turns at least. That is, in the example 
expressed to drawing^ , the 1st magnetic layer 20 has the structure which carried out the laminating of the 1st layer 22 A 
which consists of a ferromagnetic metal, 1st nonmetal layer 24 A, the 2nd layer 22B which consists of a ferromagnetic 
metal, 2nd nonmetal layer 24B, and the 3rd layer 26 which consists of a ferromagnetic metal to this order 
[0067] In order to secure a magnetization fixing property, it is necessary to maintain magnetic coupling of each class 
which consists of a ferromagnetic metal, i.e., the 1st - the 3rd layer 22A, 22B, and 26. for this reason - being alike - 
although it is necessary to make thin thickness of the nonmetal layers 24A and 24B made to intervene among these if it 
forms too much thinly, it will be easy to produce a pinhole etc. and the effectiveness of electronic specular reflection 
will fall. 

[0068] On the other hand, according to this operation gestalt, by forming the nonmetal layers 24A and 24B separately 
an interface with a ferromagnetic layer can increase and the probability for specular reflection of the electron to be 
earned out can be doubled. That is, the effectiveness of electronic specular reflection can be doubled, securing magnetic 
coupling between ferromagnetic layers using the ultra-thin nonmetal layer in which a pinhole etc. may exist by making 
two or more nonmetal layers intervene separately between the layers which consist of a ferromagnetic according to this 
operation gestalt As the result, maintaining a magnetic fixing property, loss of an electronic momentum can be reduced 
substantially and big MR property can be realized. 

[0069] Next, the gestalt of operation of the 4th of this invention is explained. Drawing 5 is a conceptual diagram 
showing the cross-section structure of the magneto-resistive effect element concerning the gestalt of operation of the 4th 
ot this invention. That is, the magneto-resistive effect element of this operation gestalt also has the structure where the 
laminating of the antiferromagnetism layer 10, the 1st magnetic layer 20, the nonmagnetic interlayer 30 the 2nd 
magnetic layer 40, and the nonmetal layer 50 was carried out to this order. Since the concrete configuration and concrete 
role ot each class can be made to be the same as that of the thing and outline which were mentioned above about 
drawing 1 thru/or drawing.! , the same sign is given to the same portion and detailed explanation is omitted 
[0070] Moreover, in drawing 5 , since it was easy, the hard magnetism films 80 and 80 and electrodes 82 and 82 which 
were illustrated to drawing 1 were omitted. 

[0071] In this operation gestalt, the 1st magnetic layer 20 has at least one-layer nonmetal layer in the medium The 
ferromagnetic metal layer prepared in contact with this nonmetal layer A lithium (Li), Beryllium (Be) sodium (Na) 
magnesium (Mg), Aluminum (aluminum), silicon (Si), **** (P), a potassium (K), Calcium (calcium), a scandium (Sc) 
a gallium (Ga), a rubidium (Rb), It is characterized by the thing of the element belonging to strontium (Sr), an yttrium ' 
(Y), caesium (Cs), barium (Ba), and lanthanum series for which either is contained 1% or more at least For example in 
the example expressed to drawing^ , the 1 st magnetic layer 20 comes to carry out the laminating of 1 st ferromagnetic 
metal ayer 22', the nonmetal layer 24, and the 2nd ferromagnetic metal layer 26 to this order. And 1st ferromagnetic 
metal layer 22' contains one of the above-mentioned elements 1% or more. 

[0072] Formation of the nonmetal layer 24 performs the front face of 1st ferromagnetic metal layer 22' oxidation 
nitnding or by carrying out fluoride. In this formation process, chromium, aluminum, or silicon can react preferentially 
and can form the precise and smooth nonmetal layer 24. As the result, good MR rate of change can be acquired with 
sufficient repeatability. 

[0073] In addition, it sets in the structure illustrated to drawin g, other than the structure illustrated to drawingi Even 
if there are few ferromagnetic metal layers 22A and 22B, to either A lithium (Li), Beryllium (Be) sodmm(Na) 
magnesium (Mg), Aluminum (aluminum), silicon (Si), **** (P), a potassium (K), Calcium (calcium), a scandium (Sc) 
a gallium (Ga), a rubidium (Rb), The same effect can be acquired, even if there are few elements belonging to strontium 
(Sr), an yttrium (Y), caesium (Cs), barium (Ba), and lanthanum series and it makes either contain 1 % or more 
[0074] Next, the gestalt of operation of the 5th of this invention is explained. Drawing 6 is a conceptual diagram 
showing the cross-section structure of the magneto-resistive effect element concerning the gestalt of operation of the 5th 
of this invention. That is, the magneto-resistive effect element of this operation gestalt also has the spin bulb structure 
where the laminating of the antiferromagnetism layer 10, the 1st magnetic layer 20, the nonmagnetic middle class 30 
the 2nd magnetic layer 40, and the nonmetal layer 50 was carried out to this order. Since the concrete configuration and 
concrete role of each class can be made to be the same as that of the thing and outline which were mentioned above 
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about drawing 1 thru/or drawing 2 , the same sign is given to the same portion and detailed explanation is omitted 
[0075} Moreover, in drawi ng,. , since it was easy, the hard magnetism films 80 and 80 and electrodes 82 and 82 which 
were illustrated to draw ing 1 were omitted. 

[0076] Also in this operation gestalt, the 1st magnetic layer 20 has the structure which carried out the laminating of the 
ferromagnetic metal layer 22, nonmetal layer 24', and the ferromagnetic metal layer 26. And nonmetal layer 24' is taken 
as within the limits of formula Px(n+0.3) <=T<=Px (n+0.7), when it was the antiferromagnetic substance, and T and its 
magnetic period are set to P and it sets an integer to n for the thickness. 

[0077] By considering as such a configuration, magnetic association of the ferromagnetic metal layers 22 and 26 of the 
upper and lower sides which sandwiched nonmetal layer 24' can be considered as anti-parallel. That is, if the number of 
the atomic planes of nonmetal layer 24' is controlled as mentioned above, the 1st magnetic layer 20 can be made into the 
so-called "synthetic antiferromagnetism structure." And in this way, since magnetization of the up-and-down magnetic 
layers 22 and 26 demes and suits, the magnetization fixing layer 20, i.e., the 1st magnetic layer, can make small enough 
the static magnetic field given to the free layer 40, i.e., the 2nd magnetic layer. Although the shift of the operating point 
by the static magnetic field from the magnetization fixing layer 20, i.e., the 1st magnetic layer, poses a big problem 
when manufacturing the actual magnetic head, according to this operation gestalt, it can solve this problem by using the 
1st magnetic layer 20 as the synthetic antiferromagnetic substance. 

[0078] Moreover, although it becomes possible by the so-called speculer spin bulb to acquire bigger MR rate of change 
by making thickness of a free layer thin, if a free layer is simply made thin, the problem that the operating point shifts 
under the effect of a static magnetic field as mentioned above will arise. On the other hand, according to this operation 
gestalt, from using the 1st magnetic layer 20 as the synthetic antiferromagnetic substance, it becomes possible to make a 
free layer thin enough, and the speculer effect can be used more for validity. 

[0079] As an example of nonmetal layer 24', the oxide containing nickel (nickel) can be mentioned, for example For 
example, when forming the thin film to which the maximum dense plane orientation of the nickel oxide was carried out 
the laminating of the atomic layer which nickel contained, and the atomic layer from which oxygen serves as a subject is 
earned out by turns. In this operation gestalt, the magnetization direction of the ferromagnetic of the upper and lower 
sides can be considered as anti-parallel by seeing in the direction of thickness of nonmetal layer 24', and making the 
number of these atomic layers into even number in total. 

[0080] Next, it explains, referring to drawing 6 about the example of transformation of a **** 5 operation gestalt. 
[0081] That is, the magneto-resistive effect element of this example of transformation also has the spin bulb structure 
where the laminating of the antiferromagnetism layer 10, the 1st magnetic layer 20, the nonmagnetic middle class 30, 
the 2nd magnetic layer 40, and the nonmetal layer 50 was carried out to this order. Since the concrete configuration and 
concrete role of each class can be made to be the same as that of the thing and outline which were mentioned above 
about drawing 1 thru/or drawing 2 , the same sign is given to the same portion and detailed explanation is omitted. 
[0082] Also in this operation gestalt, the 1st magnetic layer 20 has the structure which carried out the laminating of the 
ferromagnetic metal layer 22, nonmetal layer 24', and the ferromagnetic metal layer 26. And nonmetal layer 24' is taken 
as within the limits of formula Px(n-0.2) <=T<=Px (n+0.2), when it was the antiferromagnetic substance, and T and its 
magnetic period are set to P and it sets an integer to n for the thickness. 

[0083] By considering as such a configuration, magnetic association of the ferromagnetic metal layers 22 and 26 of the 
upper and lower sides which sandwiched nonmetal layer 24' can be made parallel. That is, if the number of the atomic 
planes of nonmetal layer 24' is controlled as mentioned above, it will become possible using magnetic association of the 
antiferromagnetic substance to carry out magnetic connection of the ferromagnetics 22 and 26 strongly, and it will 
become possible to acquire good magnetic stability. According to this example of transformation, a more stable 
magneto-resistive effect element can be offered by improving magnetic stability. 

[0084] As an example of nonmetal layer 24', the oxide containing nickel (nickel) can be mentioned, for example. For 
example, when forming the thin film to which the maximum dense plane orientation of the nickel oxide was carried out 
the laminating of the atomic layer which nickel contained, and the atomic layer from which oxygen serves as a subject is 
earned out by turns. In this example of transformation, the magnetization direction of the ferromagnetic of the upper 
and lower sides is made [ becoming parallel or ] by seeing in the direction of thickness of nonmetal layer 24', and 
making the number of these oxygen atomic layers into even number in total. In order that magnetization may join 
together on both sides of an oxygen atomic layer at anti-parallel in NiO, this is equal to only about even layers of 
oxygen atomic layers being contained. 

[0085] Next, the gestalt of operation of the 6th of this invention is explained. Drawing 7 is a conceptual diagram 
showing the cross-section structure of the magneto-resistive effect element concerning the gestalt of operation of the 6th 
of this invention. That is, the magneto-resistive effect element of this operation gestalt also has the antiferromagnetism 
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layer 10, the 1st magnetic layer 20, the nonmagnetic interlayer 30, the 2nd magnetic layer 40, and the nonmetal layer 50 
Since the concrete configuration and concrete role of each class can be made to be the same as that of the thing and ' 
outline which were mentioned above about drawing 1 thru/or drawing 2 , the same sign is given to the same portion and 
detailed explanation is omitted. 

[0086] Moreover, in dmwmgJZ , since it was easy, the hard magnetism films 80 and 80 and electrodes 82 and 82 which 
were illustrated to dra w i n g 1 were omitted. 

[0087] The sequence of the laminating of each class is reversed in this operation gestalt. That is, in the 1st operation 
gestalt mentioned above, the laminating is carried out to the order of the antiferromagnetism layer 10, the 1st magnetic 
layer 20, rhe nonmagnetic interlayer 30, the 2nd magnetic layer 40, and the nonmetal layer 50 on the substrate On the 
™ I ; m °Pf ation S estalt > the se( l uence of a laminating is reverse, and the laminating of the nonmetal layer 
50, the 2nd magnetic layer 40, the nonmagnetic interlayer 30, the 1st magnetic layer 20, and the antiferromagnetism 
layer 1 0 is earned out to this order on the predetermined substrate layer 60. 

[0088] However, also in this operation gestalt, the sequence of the laminating of the layers 22, 24A, 24B, and 26 which 
constitute the 1st magnetic layer 20 is the same as the case of the 1st operation gestalt. That is, nonmetal layer 24A 
preven s oxidation, nitndmg, or a fluoride reaction, and has a role of a stop layer for forming the thickness of the 
nonmetal layer 24 in homogeneity thinly. However, in this operation gestalt, electronic specular reflection arises in the 
interface of layer 24A and the ferromagnetic metal layer 22. 

[0089] According to this operation gestalt, the thickness of the nonmetal layer 24 can be formed in homogeneity very 
thinly, and the same various effects as the 1 st operation gestalt can be acquired similarly 

[0090] Moreover, a laminating may be similarly carried out to the sequence of reverse about each structure illustrated 
about the 2nd - the 5th operation gestalt which were mentioned above. That is, a laminating may be carried out to the 
sequence of the nonmetal layer 50, the 2nd magnetic layer 40, the nonmagnetic interlayer 30, the 1st magnetic layer 20 
and the antiferromagnetism layer 10 about each of the laminated structure expressed to drawing 3 - drawing 6 ' 
However, the laminated structure of each class which constitutes the 1st magnetic layer 20 also in these cases needs to 
presuppose that it is the same as that of what was expressed to drawing 3 - drawing 6 . 
[0091] Thus, the same effect can be acquired even if it reverses the sequence of a laminating 

[0092] In the above the configuration which prepared the nonmetal layer in the medium of the 1st magnetic layer was 
explained as a gestalt of the 1 st - the 6th operation. 6 y 

[0093] On the other hand, the nonmetal layer which carries out specular reflection of the electron may be prepared 
between an antiferromagnetism layer and the 1st magnetic layer, as illustrated to drawing 8 . That is, in the example 
expressed to drawing^ , the laminating of the antiferromagnetism layer 10, the nonmetal layer 24, the 1st magnetic 
layer 20, the nonmagnetic interlayer 30, the 2nd magnetic layer 40, and the nonmetal layer 50 is carried out totiiis order 
iSf ^ f r inCC *.\ concrete configuration and concrete role of each class can be made to be the 
same as that of the thing and outline which were mentioned above about drawing 1 thru/or drawing 2 also about this 
drawing, the same sign is given to the same portion and detailed explanation is omitted. Moreover, in drawing^ since 
tmZr* magnetlSm filmS 80 and 80 and electrodes 82 and 82 which were illustrated to drawingTwere also 

[0094] In the structure illustrated to drawina8 , between the nonmetal layer 24 and the nonmetal layer 50, an electron 
repeats specular reflection and flows. Here, as a material of the antiferromagnetism layer 10, IrMn, PtMn, NiMn FeMn 

h £ t ' 'T^- Th u g °° d ma jr ization flXing Pr ° perty Which has a blockin S temperature and has a' 

big one direction amsotropy can be acquired by using the metal which has antiferromagnetism especially 

[0095] moreover - as the material of the nonmetal layer 24 - NiO, CoO, Fe 304, and Fe203 etc. - it can use 
Especially a good electronic reflection effect can be acquired as a material of the nonmetal layer 24 by choosing the 
material which has antiferromagnetism, without spoiling the good magnetization fixing property which the metal 
antilerromagnetic substance has. 

Sinn^ "jf? ° ° f 8 1 in ° rdeT t0 ac 1 uire *° g°°d bias effect, as for the nonmetal layer 24 used as 

an electronic reflecting layer it is desirable that it is the antiferromagnetic substance or a ferromagnetic As a nonmetal 
nrn^w!' ™v u^" 8 * the ^^^^tic substance, it is desirable to set the thickness to 5nm or less, and the bias 
property which was further excellent in the temperature characteristic can be acquired by being referred to as 2 morenm 

[0097] As a nonmetal layer 24, also when using a ferromagnetic, as for the thickness, it is desirable to be referred to as 

tw^f' Pr ? PCrty WhlCh WaS forther 6XCellent in the tem P er *ture characteristic can be acquired by being 

reterred to as 2 morenm or less. J 5 

[0098] On the other hand, as illustrated to drawing^ , the nonmetal layer which carries out specular reflection of the 
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electron may be prepared in the medium of an antiferromagnetism layer. That is, in the structure illustrated to drawing 
9 , theJaminating of 1st antiferromagnetism layer 10A, the nonmetal layer 24, antiferromagnetism layer lOof *^2ndB 
the 1st magnetic layer 20, the nonmagnetic interlayer 30, the 2nd magnetic layer 40, and the nonmetal layer 50 is carried 
out to this order on the predetermined substrate. Since the concrete configuration and concrete role of each class can be 
made to be the same as that of the thing and outline which were mentioned above about drawingj thru/or draw ing 2 
also about this drawing, the same sign is given to the same portion and detailed explanation is omitted. Moreover in 
drawing. 9 , since it was easy, the hard magnetism films 80 and 80 and electrodes 82 and 82 which were illustrated to 
drawing 1 were also omitted. 

[0099] Thus, the direct laminating of the antiferromagnetic substance and the ferromagnetic is carried out by forming 
the nonmetal layer 24 to which specular reflection of the electron is carried out in the medium of the antiferromagnetism 
layer 10, and the buildup of MR by the specular reflection effect can be acquired by direct switched connection 
realizing a better magnetization fixing property. ' 

l°ri 00 i MOre °y er ' IrMn ' PtMn ' NiMn ' FeMn ' etc> can be used as a material of me lst antiferromagnetism layer 10A and 
10B. The good magnetization fixing property which has a high blocking temperature and has a big one direction 
anisotropy can be acquired by using a metallic material especially. 

[0101] moreover -- as the material of the nonmetal layer 24 - NiO, CoO, Fe 304, and Fe203 etc - it can use 
Especially, a good electronic reflection effect can be acquired as a material of the nonmetal layer 24, without spoiling 
the good magnetization fixing property which the metal antiferromagnetic substance has by choosing the material which 
has antiferromagnetism. 

[0102] Moreover, in order to acquire the bigger MR effect, it is desirable to make thickness of 2nd antiferromagnetism 
layer 10B as thin as possible, and it is desirable that it is 3nm or less. Moreover, although it may be thicker than this 
about 1st antiferromagnetism layer 10A, in order to control the shunt effect of current, it is desirable that it is lOnm or 
rn^-fi rm ° re ' WhCn sufflcient bias effect is acquired, lst antiferromagnetism layer 10A can also be omitted 
[0103] On the other hand, two or more magnetization fixing layers may be prepared. Drawin g 10 is a conceptual 
diagram which illustrates the structure which prepared the magnetization fixing layer up and down That is in the 
structure illustrated to this drawing, as illustrated, the laminating of a buffer layer 2, the antiferromagnetism layer 10 
the 1st magnetic layer 20, the nonmagnetic interlayer 30, the 2nd magnetic layer 40, the nonmagnetic interlayer 30 the 
lst magnetic layer 20, the antiferromagnetism layer 10, and the protective layer 60 is carried out to this order on the 
predetermined substrate. That is, mostly, the 2nd magnetic layer 40 used as a free layer of a laminated structure is 
formed in the center, and the interlayer 30, the fixing layer 20, etc. are formed in the upper and lower sides at the 
symmetry. Since the concrete configuration and concrete role of each class can be made to be the same as that of the 
thing and outline which were mentioned above about drawing I thru/or drawing 2 also about this drawing, the same sign 
is given to the same portion and detailed explanation is omitted. Moreover, in drawing 10 , since it was easy the hard 
magnetism films 80 and 80 and electrodes 82 and 82 which were illustrated to drawingl were also omitted ' 
[0104] Here, each laminated structure which was illustrated to drawing 1 - drawing 9 is applicable to the structure 
expressed to drawing 10 . That is, the 2nd magnetic layer 40 can be formed for each laminated structure mentioned 
above about drawing 1 - drawing. 9 in the symmetry up and down as a center. 

[01 05] Thus, in addition to the various effects mentioned above about drawing 1 - drawing 9 the effect that big MR 
rate of change can be acquired also in the case of a little low reflection factor is also acquired by forming the magnetic 
layer 20 of the magnetic layer 40 used as a free layer which turns into a magnetization fixing layer up and down 
Moreover, since a free layer is arranged near the center of the passage of current, the effect that there is little effect a 
free layer is influenced and actuation is stabilized is also collectively acquired by the current magnetic field 
[0106] On the other hand, in this way, if a magnetization fixing layer is prepared up and down, static magnetism- 
association from a magnetization fixing layer will double, in case [ of a free layer ] there is a magnetization fixing layer 
Therefore, in order to form magnetization of anti-parallel in the interior of a magnetization fixing layer, it becomes more 
important to use the so-called "synthetic antiferromagnetism structure." Drawing 1 1 is a cross-section conceptual 
diagram showing the modification which adopted such synthetic antiferromagnetism structure. That is in drawin g 11 
the 1 st magnetic layer 20 used as a magnetization fixing layer is made into the structure which carried out the 
laminating of lst ferromagnetic metal layer 22A, the ruthenium (Ru) layer 28, ferromagnetic metal layer 22of ** 2nd B 
the nonmetal layer 24, and the 3rd ferromagnetic metal layer 22C to order, respectively. Thus, if the ruthenium (Ru) ' 
ii i Su formed > the magnet^ation direction of the ferromagnetic layer of the upper and lower sides will serve as anti- 
parallel. That is, the magnetization direction of 2nd ferromagnetic metal layer 22B and 3rd ferromagnetic metal layer 
22C serves as anti-parallel to the magnetization direction of lst ferromagnetic metal layer 22A. Therefore if it is made 
tor the sum total of the thickness of layer 22B and the thickness of layer 22C to become almost equal to the thickness of 
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layer 22 A, the whole magnetization direction is canceled in the interior of the 1st magnetic layer 20, and electrostatic 
coupling from a magnetization fixing layer can be canceled. 

[0107] Moreover, in the structure of drawing 1 1 , the speculer effect to which specular reflection of the electron is 
earned out can also be simultaneously acquired by forming the nonmetal layer 24. That is, an electron flows receiving 
specular reflection between two nonmetal layers 24 in which the free layer 40, i.e., the 2nd magnetic layer, was formed 
up and down. For this reason, loss of an electronic momentum can be reduced, sensitivity sufficient also by the 
magnetic layer of 2nm or less of thickness can be secured as the free layer 40, i.e., the 2nd magnetic layer and the still 
bigger MR effect can be acquired. 

[0108] Moreover, in the structure of drawing 11 , the nonmetal layer 24 is formed between the ruthenium layer 28 and 
the 2nd magnetic layer 40. This reason is that the ruthenium layer 28 has the property scattered about in an electron 
That is, if a ruthenium layer is prepared in the main paths of current, electrons will be scattered about and loss will arise 
On the other hand, in the configuration of drawing 11 , by forming the nonmetal layer 24 between the ruthenium layer ' 
28 and the 2nd magnetic layer 40, the ruthenium layer 28 can be removed from a current path, and loss by electronic 
dispersion can be canceled. 

[0109] Next, the magnetic recording medium of this invention is explained. The magneto-resistive effect element of 
each operation gestalt explained above is included in the magnetic head of for example, record playback one apparatus 
and is earned in a magnetic recording medium. 

[0110] Drawin gJ2 is an important section perspective diagram which illustrates the outline configuration of such a 
magnetic recording medium. That is, the magnetic recording medium 150 of this invention is equipment of the format 
which used the rotary actuator. In this drawing, a spindle 152 is equipped with a magnetic disk 151, and it rotates by the 
motor which answers a control signal from the driving gear control section which is not illustrated and which is not 
illustrated The head slider 153 which performs informational record playback after the magnetic disk 151 has surfaced 
is attached at the head of the thin film-like suspension 154. Here, the head slider 153 carries the magneto-resistive effect 
element which starts the gestalt of one of operations mentioned above, for example as a part of magnetic head 
[01 1 1] A revolution of a magnetic disk 151 holds the data-medium opposed face (ABS) of the head slider 153 with the 
predetermined flying height from the front face of a magnetic disk 151. 

[01 12] The suspension 154 is connected to the end of the actuator arm 155 which has the bobbin section holding the 
drive coil which is not illustrated etc. The voice coil motor 156 which is a kind of a linear motor is formed in the other 
end of an actuator arm 155. A voice coil motor 156 consists of a drive coil which was able to be wound up in the bobbin 
section of an actuator arm 155 and which is not illustrated, and a magnetic circuit which consists of the permanent 
magnet and opposite yoke which have been countered and arranged so that this coil may be put. 
[01 13] An actuator arm 155 is held by the ball bearing which was prepared in two upper and lower sides of the fixed 
shaft 157 and which is not illustrated, and has come to be able to perform a revolution slide free with a voice coil motor 
156. 

[0114] According to this invention, a big playback output signal and good thermal stability can be obtained by adopting 
the magneto-resistive effect element concerning each operation gestalt mentioned above as an important section of the 
magnetic head. Furthermore, aging of a playback output is also cancelable as the result. Moreover, the resistance over 
ESD (electro-static discharge: static electricity) in which it is impressed in the case of an assembly and deals is also 
improved, and the yield in the case of assembly also improves. 

[01 15] The formation of a ** truck and low element height-ization are attained from the above effect, and the magnetic 
recording medium corresponding to high density magnetic recording can be realized. 
[01 16] In the above, the gestalt of operation of this invention was explained. 
[01 17] Next, the concrete example of this invention is explained. 

[01 18] (Example 1) The 1st example of this invention is explained, referring to drawing 1 and drawing 2 . First on the 
thermal oxidation (silicon Si) substrate, by the spatter, a laminated structure called Ta5 nm/NiFe2 nm/IrMn5 nm/NiFel 
nm/CoFe0.5nm was formed, the front face was exposed to the oxygen of lxl0-4torr for 60 seconds, and the nonmetal 
layer 24 was formed. And on it, a laminated structure called CoFe2 nm/Cu2 nm/CoFe2nm was formed further the front 
face was exposed to the oxygen of lxl0-4torr for 60 seconds, and the nonmetal layer 50 was formed. And TaO 4nm was 
deposited as a protective coat on it, and it took out in atmospheric air. Consequently, surface Ta also oxidized and the 
oxidizing zone was formed. As this result, a laminated structure called Ta5 nm/NiFe2 nm/IrMn5 nm/NiFeO 6 
nm/NiFeOO.4 nm/CoFeO0.5 nm/CoFe2 nm/Cu2 nm/CoFel.6 nm/CoFeO0.4 nm/TaO0.4nm was obtained. Here, by 
having inserted NiFe which cannot oxidize easily between the IrMn layer and the CoFe layer, the thickness of the 
nonmetal layer 24 was controlled by lnm, and it became possible to form an ultra-thin nonmetal layer with sufficient 
repeatability. 
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[01 19] For this reason, magnetic association through the nonmetal layer 24 in the magnetization fixing layer 20 was 
Too, S ?? ng ' md S ? m bulb structure ex cellent in the magnetization fixing property was able to be realized. Specifically 
1 8 / 0 of MR rate of change and one direction anisotropy magnetic field (HUA) 400Oe were able to be obtained 
Moreover, in order to improve the whole crystallinity, deterioration was not seen by the magnetization fixing property 
of the fixing layer 20 when oxidation treatment for formation of the nonmetal layer 24 was carried out in 200 degrees C. 

[0120] (Example 1 of a comparison) For the comparison to the above-mentioned example 1, on the thermal oxidation 
(silicon Si) substrate, a laminated structure called Ta5 nm/NiFe2 nm/IrMn5 nm/CoFe2.0nm was formed the front face 
was exposed to the oxygen of lxl0-4torr for 60 seconds, and the nonmetal layer was formed by the spatter. And on it a 
laminated structure called CoFe2 nm/Cu2 nm/CoFe2nm was formed further, the front face was exposed to the oxygen 
of lxl0-4torr for 60 seconds, and the nonmetal layer was formed. And Ta0.4nm was deposited as a protective coat on it 
and it took out in atmospheric air. Consequently, surface Ta also oxidized and the oxidizing zone was formed As this ' 
result, a laminated structure called Ta5 nm/NiFe2 nm/IrMn5 nm/CoFe0.5 nm/CoFeOl.5 nm/CoFe2 nm/Cu2 
nm/CoFel.6 nm/CoFeO0.4 nm/TaO0.4nm was obtained. That is, in this example of a comparison, the thickness of the 
Cob eO layer obtained by oxidation of CoFe progressing too much has become thick with 1 .5nm. For this reason 
magnetic association through the CoFe layer in a magnetization fixing layer was weak, and deterioration was looked at 
by the magnetization fixing property. Specifically, HUA fell to 200Oe. Moreover, in order to improve the whole 
crystallinity, when oxidation treatment for formation of a nonmetal layer was carried out in 200 degrees C as for the 
magnetization fixing property of a fixing layer, it turned out that it deteriorated further and thick-film-izati'on bv 
oxidation of a nonmetal layer advanced further. 

[0121] (Example 2) The 2nd example of this invention is explained, referring to drawing! . First, on the thermal 
oxidation (silicon Si) substrate, by the spatter, a laminated structure called Ta5 nm/NiFe2 nm/IrMn5 nm/CoFel 
nm/mckellnm was formed, the front face was exposed to the oxygen of lxl0-4torr for 60 seconds, and the nonmetal 
layer 24 was formed. And on it, a laminated structure called CoFe2 nm/Cu2 nm/CoFe2nm was formed further the front 
face was exposed to the oxygen of lxl0-4torr for 60 seconds, and the nonmetal layer 50 was formed. And TaO 4nm was 
deposited as a protective coat on it, and it took out in atmospheric air. Consequently, surface Ta also oxidized and the 
oxidizing zone was formed. As this result, a laminated structure called Ta5 nm/NiFe2 nm/IrMn5 nm/CoFel 
nm/mckelO.5 nm/NiO0.5 nm/CoFe2 nm/Cu2 nm/CoFel.6 nm/CoFeO0.4 nm/TaO0.4nm was obtained 
[0122] In this example, by having prepared nickel layer which cannot oxidize easily in the front face, and the IrMn layer 
and the touchmg layer having pinched the CoFe layer, the thickness of the nonmetal layer 24 was controlled by lnm 
and it became possible to form an ultra-thin nonmetal layer with sufficient repeatability. 

[0123] For this reason, magnetic association through the nonmetal layer 24 in the magnetization fixing layer 20 was 
rally strong, and spin bulb structure excellent in the magnetization fixing property was able to be realized Moreover 
the one direction anisotropy strong enough was able to be acquired with the combination of an IrMn layer and a CoFe 
layer. Specifically, 550Oe(s) were able to be obtained as an one direction anisotropy magnetic field 17% as MR rate of 
change. Furthermore, in order to improve the whole crystallinity, deterioration was not seen by the magnetization fixing 
property of the fixing layer 20 when oxidation treatment for formation of the nonmetal layer 24 was carried out in 200 
degrees C. 

[0124] (Example 3) The 3rd example of this invention is explained, referring to drawing 4 . First, on the thermal 
oxidation (silicon Si) substrate, by the spatter, a laminated structure called Ta5 nm/NiFe2 nm/IrMn5 nm/CoFelnm was 

r^iT? * ? P ° Sed t0 &e ° Xygen ° f lxl °- 5torr fOT 10 seconds, and 1st nonmetal layer 24A was formed 

And CoFelnm was further deposited on it, the front face was exposed to the oxygen of lxl0-5torr for 10 seconds once 
again, and 2nd nonmetal layer 24B was formed. 

[0125] Furthermore, on it, a laminated structure called CoFe2 nm/Cu2 nm/CoFe2nm was formed, the front face was 
exposed to the oxygen of lxl0-4torr for 60 seconds, and the nonmetal layer 50 was formed. And TaO 4nm was 
deposited as a protective coat on it, and it took out in atmospheric air. Consequently, surface Ta also oxidized and the 
oxidizing zone was formed. As this result, a laminated structure called Ta5 nm/NiFe2 nm/IrMn5 nm/CoFeO 7 
r^n/CoFeOO.3 nm/CoFeO 7 nm/CoFeO0.3 nm/CoFe2 nm/Cu2 nm/CoFel.6 nm/CoFeO0.4 nm/TaO0.4nm was obtained 
[0126] In this example, although the ultra-thin CoFeO layers 24A and 24B in which a pinhole may exist by weak 
oxidation were formed, from making a nonmetal layer two-layer in this way, the mirror reflectivity of the whole 
electron has been improved and the big MR effect of about 18% was able to be acquired 
[0127] (Example 4) The 4th example of this invention is explained, referring to drawing 5 . First, on the thermal 
oxidation (silicon Si) substrate, by the spatter, a laminated structure called Ta5 nrn/MFe2 nm/IrMn5 nm/CoFeCr2nm 
was formed, the front face was exposed to the oxygen of lxl0-4torr for 60 seconds, and the nonmetal layer 24 was 
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formed. And on it, further, a laminated structure called CoFe2 nm/Cu2 nm/CoFe2nm was formed the front face was 
exposed to the oxygen of lxl0-4torr for 60 seconds, and the nonmetal layer 50 was formed. And TaO 4nm was 
deposited as a protective coat on it, and it took out in atmospheric air. Consequently, surface Ta also oxidized and the 
oxidizing zone was formed. As this result, a laminated structure called Ta5 nm/NiFe2 nm/IrMn5 nm/CoFeCrl 2 
nm/CoFeCrO0.8 nm/CoFe2 nm/Cu2 nm/CoFel .6 nm/CoFeO0.4 nm/TaO0.4nm was obtained. 
[0128] In this example, since Cr oxidized selectively and formed a stable oxide, the ultra-thin nonmetal layer 24 was 
able to be formed with sufficient repeatability. Furthermore, in order to improve the whole crystallinity, deterioration 
was not seen by the magnetization fixing property of the fixing layer 20 when oxidation treatment for formation of the 
nonmetal layer 24 was carried out in 200 degrees C. 

[0129] (Example 5) Next, the 5th example of this invention is explained, referring to drawing^ . First, on the thermal 
oxidation (silicon Si) substrate, by the spatter, a laminated structure called Ta5 nm/NiFe2 nm/IrMn5 nm/CoFeO 5 
nm/Cr0.4nm was formed, the front face was exposed to the oxygen of lxl0-5torr for 10 seconds, and nonmetal layer 24' 
was formed. J 

[0130] Furthermore, on it, a laminated structure called CoFe2 nm/Cu2 nm/CoFe2nm was formed, the front face was 
exposed to the oxygen of lxl0-4torr, and the nonmetal layer 50 was formed. And Ta0.4nm was deposited as a 
protective coat on it, and it took out in atmospheric air. Consequently, surface Ta also oxidized and the oxidizing zone 
was lormed. As this result, a laminated structure called Ta5 nm/NiFe2 nm/IrMn5 nm/CoFe0.5 nm/Cr2O30 5 nm/CoFe2 
nm/Cu2 nm/CoFel .6 nm/CoFeO0.4 nm/TaO0.4nm was obtained. 

[013 1] In this example, it had the stacking tendency as the whole film (111), and the CoFe layer took fee structure and 
became the structure to which the laminating of the field (1 1 1) was carried out. Moreover, Cr 203 took corundum 
structure, and the closest packing layer was formed in parallel to the film surface. In the case of corundum structure CR 
layer is carrying out antiferromagnetism-association through the oxygen layer, and the magnetic period of a direction 
vertical to a closest packing layer is 0.452nm. For this reason, when thickness of 203 layer of Cr(s) is set to 0 5nm the 
two-layer laminating of the oxygen layer will be mostly carried out in the direction of thickness. Consequently the' 
vertical CoFe layer which sandwiched 203 layer of Cr(s) carried out magnetization association at parallel and it 
became possible to acquire stable magnetic properties. It is 20% as MR rate of change, and, specifically, 600Oe(s) were 
able to be obtained as an one direction anisotropy magnetic field (HUA). 

[0132] (Example 6) Next, the 6th example of this invention is explained, referring to drawing 6 . First, on the thermal 
oxidation (silicon Si) substrate, by the spatter, a laminated structure called Ta5 nm/NiFe2 nm/IrMn5 nm/CoFe2 
nm/Cr0.6nm was formed, the front face was exposed to the oxygen of lxl0-5torr for 10 seconds, and nonmetal layer 24' 
was formed. J 

[0133] Furthermore, on it, a laminated structure called CoFe2 nm/Cu2 nm/CoFe2nm was formed, the front face was 
exposed to the oxygen of lxl0-4torr, and the nonmetal layer 50 was formed. And Ta0.4nm was deposited as a 
protective coat on it, and it took out in atmospheric air. Consequently, surface Ta also oxidized and the oxidizing zone 
was formed. As this result, a laminated structure called Ta5 nm/NiFe2 nm/IrMn5 nm/CoFe2 nm/Cr2O30 7 nm/CoFe2 
nm/Cu2 nm/CoFel.6 nm/CoFeO0.4 nm/TaO0.4nm was obtained. 

[0134] Also in this example, it had the stacking tendency as the whole film (1 1 1), and the CoFe layer took fee structure 
and became the structure to which the laminating of the field (1 1 1) was carried out. Moreover, Cr 203 took corundum 
structure, and the closest packing layer was formed in parallel to the film surface. In the case of corundum structure Cr 
layer is carrying out antiferromagnetism-association through the oxygen layer, and the magnetic period of a direction 
vertical to a closest packmg layer is 0.452nm. For this reason, when thickness of 203 layer of Cr(s) is set to 0 7nm the 
three-layer laminating of the oxygen layer will be mostly carried out in the direction of thickness. Consequently ' 
magnetization association of the vertical CoFe layer which sandwiched 203 layer of Cr(s) was able to be carried out at 
JJf;P™ e1 ' 11 °° m acc l uire the synthetic magnetization array, and was able to obtain 19% as MR rate of change 
[0135] (Example 7) Next, the 7th example of this invention is explained, referring to drawing 6 . First, on the thermal 
oxidation (silicon Si) substrate, by the spatter, a laminated structure called Ta5 nm/NiFe2 nm/IrMn5 nm/CoFeO 5 
nm/FeO 4nm was formed, the front face was exposed to the radical oxygen of lxl0-5torr for 10 seconds, and nonmetal 
layer 24 was formed. 

[0136] Furthermore, on it, a laminated structure called CoFe2 nm/Cu2 nm/CoFe2nm was formed, the front face was 
exposed to the oxygen of lxl0-4torr, and the nonmetal layer 50 was formed. And Ta0.4nm was deposited as a 
protective coat on it, and it took out in atmospheric air. Consequently, surface Ta also oxidized and the oxidizing zone 
was formed. As this result, a laminated structure called Ta5 nm/NiFe2 nm/IrMn5 nm/CoFe0.5 nm/alpha-Fe 2O30 5 
nm/CoFe2 nm/Cu2 nm/CoFel.6 nm/CoFeO0.4 nm/TaO0.4nm was obtained. 

[0137] Also in this example, it had the stacking tendency as the whole film (1 1 1), and the CoFe layer took fee structure 
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and became the structure to which the laminating of the field (1 1 1) was carried out. Moreover, alpha-Fe 203 took 
corundum structure, and the closest packing layer was formed in parallel to the film surface. In the case of corundum 
structure, Fe layer is carrying out antiferromagnetism-association through the oxygen layer, and the magnetic period of 
a direction vertical to a closest packing layer is 0.458nm. For this reason, when thickness of 203 layer of Fe(s) is set to 
0.5nm, the two-layer laminating of the oxygen layer will be mostly carried out in the direction of thickness 
Consequently, the vertical CoFe layer which sandwiched 203 layer of Fe(s) carried out magnetization association at 
parallel, and it became possible to acquire stable magnetic properties. Specifically, 600Oe(s) were able to be obtained as 
an one direction anisotropy magnetic field (HUA) 20% as MR rate of change. 

[0138] Moreover, since alpha-Fe 203 had a temperature (Neel temperature) very as high as 670 degrees C to which 
antiferromagnetism disappears, it was able to obtain a big one direction anisotropy magnetic field called 600Oe also in 
100 degrees C which is the environmental temperature actually used as a device 
[0139] 

[Effect of the Invention] This invention is carried out with the gestalt explained above, and does so the effect of 
explaining below. 

[0140] First, according to this invention, by preparing the nonmetal layer as an electronic reflecting layer in the medium 
of a magnetization fixing layer, and carrying out the laminating of two kinds of layers as a substrate of the nonmetal 
layer, a lower layer can be made to be able to act as a stopper layer to a reaction, and an ultra-thin and uniform nonmetal 
layer can be formed with sufficient repeatability. As the result, producing electronic specular reflection, magnetic 
coupling of the 1st ferromagnetic metal layer and the 2nd ferromagnetic metal layer can be secured, and a good 
magnetization fixing property can be acquired. 

[0141] Moreover, according to this invention, when the ferromagnetic metal layer of the nonmetal layer bottom of a 
magnetization fixing layer is made into multilayer structure and a bulk effect uses the layer of the bottom as the layer of 
a high ferromagnetic, a magnetization fixing property can be improved further and bigger MR variation can be obtained. 

[0142] Moreover, in a magnetization fixing layer, by preparing separately two or more nonmetal layers in which an 
electron is reflected, an interface with a ferromagnetic layer can increase and, according to this invention, the 
probability for specular reflection of the electron to be carried out can be doubled. That is, the effectiveness of electronic 
specular reflection can be doubled, securing magnetic coupling between ferromagnetic layers using the ultra-thin 
nonmetal layer in which a pinhole etc. may exist. As the result, maintaining a magnetic fixing property, loss of an 
electronic momentum can be reduced substantially and big MR property can be realized. 

[0143] Moreover, according to this invention, SHIFUTO ** of the operating point by the static magnetic field from a 
magnetization fixing layer is cancelable by using as the synthetic antiferromagnetic substance the magnetization fixing 
layer which contained the nonmetal layer in the medium. Furthermore, since the effect of a static magnetic field is lost, 
it becomes possible to make a free layer thin enough, and the speculer effect can be used more for validity. 
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(54) Gtmo«ft] «^^*^Rrfl8^i2Sise 

(57) imm 

m i commmmmt . mem 1 mmmmmo 
±.izimt>titimi<DW&mmt, mesa ivft&wa 
co±^mf^timmm 1 ^tAwii: 
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imxmu micommi. m2commb, mtm 
i com&m t mmm 2 com&m t com tztstn t>tuzim 

mm 1 cm!&m t mtm 2 common < t m vf 
&mM<v±izm dtifzw, 1 co^mm t . mtm 1 co 
mm:^-t&m2<mtm,mt. mm2con^mmc^ 

imm2] micommt. %2<mmt. mtm 
1 <m^tmim2cm!&mt comzmi^titiim 

mtm 1 com/m t m^m 2 ?»ii<^&< tt^-r 

&mm<D±tzmf ^timm 1 comm^^msb am 
%mfo*ttm2m®ftmmmt. mm2co 
&mtfa&msco±-izmvt>titzit£mmb. mziE& 
mmn±izmft±tLtzm3cr>%m&ft&mmt, £#-r 
h z\ t mmb tzmsmmm?. 
imm3] minmmb. w,2cmmb. mm 
1 tostts b mmm 2 cowa&m b comzmi-t>titzim 
&*®mt, ^•tix^y^ymmttzm^mn. 
mm^xh^x. 

mtm 1 com/&. m b mm 2 commsco^ < t i v v? 
tifrn. mi^mm^msb, mmi<mm^ 
&mm<n±.i l zmihixtzmcr)tt&mmb. mm\<r> 
ft&mmcD±izm^titzm2commfcikmb. m 
tm 2 n%mmk&miicr>±izmf t>titzm 2 <mt-m> 
Mb. mm2co#i&mfgcD±i l zmiL>titz%3cr)%m. 
®ft&mb. z^?hc\b*mib?&Bsmi}m% 

m%m4 ] m 1 commb . w,2 <mimb . mm 
1 emm b mm 2 mmm b comz m Mzm 

mm 1 memm b mm 2 wmM0>>jr% < t & v vf 

ilMi. »+*?J» (Li ) , OJtJVA (Be) . i~h 

U^A (Na) . ~?7^i/*7h> (Mg) ,. T^S-^A 
(Ai ) . s^yay (s i K 9X, (P) , au^A 
(K) , tj)Vi/*7& (Ca) . 7jfyV*JJ» (Sc) . 

#'J^A (Ga) s ;Pt'^A (Rb) . Xhoyf-n? 

-MSr K >f 7h'JW (Y) v tj/<>A (C s K 

A*yi>A (Ba) W5y^y^feJitl)7c^4>'5r 

±nrw Ucn 1 <rmmm-±mb » liissMtafcji 



bt&mmmm?. 

imxm ] mtm 1 ffmmfc&sma. r^s-«> 

-MA i),i/ijay(si) a^y^y^ijtcjit 

1 %£Lh*wLfci fc mmbi-mxmmm 

im$%6] mcmmb, w,2cr>w&mb. mm 
1 <mmbmm2<r>mmb<F>uzimt>titzim 

HiilE^l «)»ttJii:l9lE»2«>atttJB«^< t iv^-f 

iitm. m 1 ^3iKtt#:^sgfc . mmm 1 ^att* 

T. f^«8SlWffl«l*P. n b UcBftc, * 
PX (n + 0. 3) gT^PX (n + 0. 7) 

£ b mmbtmm&tmm?, 
imsm7] micommb, m2<ammb* m^m 
i ffsmm b mm 2 <nmm t omzm ^nt z m 
tt+raa b , z^i- h x vy*iv~?mmz. mmsi 

mm 1 cnmm t mm 2 cowm^y^ < 1 1 ^-r 
ft***, is 1 <osisaffc^sff2: , mesa 1 <o9i»tt# 

izmwwzm 2 <m®ttft&mm t , * w l , 

PX(n-0. 2)gTgPX(n+0. 2) 

[i»sfli8 ] mmmmmzMixmm^tm^ 

\ i *mitzmMMzmmx'&-ix . 

B'jiea^A.- y a^<iHl-7^^-fiij&Hcieifc<7)a 
[000 1] 

vyj^rmmtzmsmmtimTRVzcomMM 
immm^m^^v ^izmmttzmmm^zmt 

4. 

[0002] 

ais^-cn >f Mzim ^nimzmta-t^mzx o 
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t>tt&*lTH£. (IEEE MAG-7. 150(1 
9 7 1) &M) . MRtt&m*lZM5SS>*v H < JSX 

:ooo3] j£^, ^mis^^ftco/j^-fc • ^sa-fb&t 
*A«tT»ft:*H£i/c*$s* fltefr<oai«tt*tii« 

Hy^ymtmitlX^h (Phys.Rev.B.,Vol.45,p80 
6(1992) > J. Appl.Phys. , Vol.69,p4774(1991)^#B§) 0 

[0004] xvyj^ymnmsmm^imt. 5- 

8%t < ffi««T«ft* 3Wfc$*S i fc**SJ**3t 
i SifiW*** 0 , ®&cr> 2m*(>3 Itf&LktoM R^ 

a^-^r^xeyAVuyiTli. l omteaMRSjft: 

A'-f 7*Hfc L/C, N i 0 , F e 2 0 3 fr£ Oitftjfli 

ti±n i o , f e 2 o 3 zvmfamsBmfcwm 

\^tiX\^tK igSOt;^, +4M:j|iJ$rA>f r* 
It^SlfiBEttft^ i >fc#> , x^ * 7 —x t° yj in*? 

mzmmttmt Lx®m*zLtimm&:->x^t. 
[0005] ztiaznix. mtmcowzm 
<MMm*#x-r&zttzj:^x. &m5&mfflfc£m 



mmx-h*). +ft%mmmi>-ox&mwummft 

[0006] 
[0007] 

ttJB t n££ 2 tfDOttJB<o^«& < fcv ^ffiiti , $ l 
*«*»tt*£IWi:. U3Bill«ai«tt*AJWI^±fc: 

Ktf«ifc»10)#&»Ifc* irafeS&l<7)#£Jgjf<7)_h 

[0008] *^H^«mffi^*^{i:, $ 

i<o«ttBfc, iS2c7)®i4at, ffiBmio^ttstfr 

^20«ttlfceDBIta{tfe*i^RaMt*BW|i:. J- 
#f S ^ t y> ^5Ti a^3Kia6»« : Pt , » o 
X , BuieSS l comttB fc f/IB^ 2 ««ttJlWilw5r< t fc 

»lC^»«tt*ARlfc, BUlfi^lCO^ 

2mm i &fo£ms<7)±izmt>titzfti&mmk, lute 

tmhxw < K^wmm < m^-th ztx-zz,. 
[0009] afcfcL *«#^8^iasi3»*3(m4, m 

£M2cr)m / imtcr)mzmit>tit:im'&tpwimt . & 
tt&xt°y^ummitMm.ijmm?x-#>~> 
x , nieai i wmaa t msm 2 <osBEffii<^*< 1 1> 
v ^ , $ 1 ^figft^jsii t , fyf as 1 ^^js 

t , msm 2 0mm&&gj&<n± tzm-t t>tuzm 2 <r> 
nt&wmt. m?M2<7)ft£m!§<?>±izi&tft>titzm3 
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[ooio] anttt, ^mmssmmsmts m 
lam 2 amm i vmztm ^tmtm&'pwm t . i 

X , m sSSB 1 «0«ttH i: mm 2 ffmBEMff&Q: <bi> 
U-ffL^Ji, yf"^A (Li ) „ <yy<>A (Be ) . 
^b'J^A (Na) . ~??*i,VJ> ( Mg ) ^ 7,1,5- 
')A(AI), yij3y(Si). OX. (P) . ay* 
■MKK (Ca), x/r>^J» (s 

c) , #y?A (Ga)> /PtV^A (Rb) . XNd 
Vf-^A (Sr) , >f .yhU^A (Y) , -fev-^A (C 

s ) , A-y ^ ( b a ) &tf7>?>%mzm-tz>7m 

1 %J2Lt*S LfcSS 1 OSftftttfr&M , Mta^att 

mmtt. m?mmm^m±msm^>xm 
[ o o 1 1 ] tissmi mmmki&mii, t>v 

5->>a (a l ) . xUay (s i ) St^^y^ 

[0012] ifctt, *^ B Jom5cOJSMffil5i^m*^ 
tt, » 1 cOESttl t . SI 2 cO^ttJli: , Mlfi« 1 *>HH!fc 

z-fo^x. Bate® i cr>m.m t m am 2 ^©ttio^ 

<iivvffc>j±^ mottttttft&Mte. Miami 
£***>±fcRtt 2 09lfi£tt#4J|jf b . m 

Px( n + 0. 3) STgPX (n+0. 7 ) 

too 1 3] zzz\ m&t&mM<Qwz&. mm. 

N i Otf) ( l l l ) SrtlR^J: N i H^Ji/UBR 

m^mmMftmmmizmix^$,&mm?m(7)<p 

tifit ^mTmmmwizw lx^i mm? mco 

[0014] ttzit. *mnm6<7)mm.mm? 

n i t . H2 cnm&mt . friam 1 
m 1 lyiem 2 <ogttti t comzmi bivzimm>mj§ 



PX(n-0. 2)gTgPX(n + 0. 2) 

[ o o 1 5 ] - j, *»so«aiefflaaei±, mmm 

i&Mzttixmmzim&tdm£.t6tim'\'y vzm 
ttzmmzmiWxfo-ox. tmsm^yv^ mi&i 

u ±%%mkm^iiij]b. mzmgfc&bznmz 

GlZbtfTtl. 
[00 16] 

mmmmizfrfri mmamm? mmmmmt 

a. Bfje^aHR<o±fc, R§usttii i o , * i <r>m!m 
20. KHKtttf»iaiB3o. m2coatt«4o s mm& 
mm5 otfz<7)imzmsztitzffimziit&. 

I 0 0 1 7 ] $ t>£^ i^«B(Kt<0RMfcli, 
^8 0, 8 0j6«iHt^ -f-il-f#l£7)®6SttJl<^±tC 

[0018] *&*0!fc:iiv vctt, si i (7)JStt« 2 0 

a. tiMtewmzti-mmmizx&su rxm-ti 
*>tuz rmfflmjgj btxm-ti. trz,m2com 
tt«4 0{i, m*i%^wmmMft%bfrL>m.zti 
mmtm (mim^m^b') tiOBtfl^ESfi 

[0019] r mitmm^x%imi<7)mm2o 

li. mm#&WB2 2 t#^JBB2 4 bfflffiM&m 

ja2 6£z<vmmmitzffiig$:Gt&. *n 

4 A tm 2 (T^^M 2 4 B 1 5* SMI LfcflBt**^ 

[0020] *iiwo«saiaw«»?fctj^Ti4. m 

®8 2. 8 2^LTHlfc|*!l3&»oT*fe*r(filtA>fr 

aii. ±fc*2093l»tt*AIWi2 6. ?H8tttflSUB3 

0. AVIl2«B^4 0tm^iifl*J*|SFfc3Sai4. 
[ 0 0 2 1 ] ;;-c. ®SmtnM%$ X "9«*t»Sfc 

*Uf, 4-f, 3B2OKttl4 0tfD±fc*AIUg5 0*ii 
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[ o o 2 2 ] $ t> iz . *mt,z xtutis m i o8£« 2 
atttfe&gff 2 6 1 ft&RM 24t n^za^x i>m 

BHtSl 0S0#ipft LT. NiMn, PtMn, IrM 

ffii 1 0 1 m 1 aa&H 2 0 b <mtm \ \x%=Hnim 

Kit t £ t fiEH?£. 0 (0Mft*<7)i** 
1 0 0 2 3 ] LT , VB3glMte>&|&£S 

mtzm-r&zbtfxzt. s^t. 2 5oria±<7) 

tttt&Wi 2 2 1 2 6 1 cdm^W** -y r »; >^igs 
H*41*S. #£M2 4<aJMfiWf-$-8r*i:. 

fy-xmmmmmmmmb & 0 . m^^®^ 

[0025] -jftfc, 8**>#&»f*#Jift-S*£fc 

U *0)£ffi£i8* (O) , mm (N) . *6^i7-y 
* (F ) %£&1&il1Ztm. t> l<li*<075Xv% 

t'commzmixKmzit&zbJ:*). mattszk 

[0 0 26] £*ifc*N,t\ *3SJBB»fc:j;*uf v 
Ml 2 4 £ f& 1 <o» 1 0#&|(1B 2 4 A « 2 «)#&|( 
«2 4Bk«WBafitfcfSifcfc:j:i5. 3&gJf2 4 

ht&xrmftt ix2m&±<7)tfmcDmi§m&Lzm^ 

5 . ® 1 «^£JSJf 2 4 A<7)$ffii; UTtt. IHfcWffc 
fc. »2^^RJi24B<0*mi:LTtt. KJfc<Df£ 
4. 



[0027] H2fi, #&jgji2 Ammmzmsm 
izmtxmmmxfci. tv. ®2 ( a > tcnurj: 

3fc« TflM^2fc»RXfc<^«isi£ffl^-£ o - 
it, T«122tt. m^«ttft&Mo--»£<||r 

blXii. --y^/MNi) mLfttWWii 
#3* L< , fiUtf. ^*-H(NiFe) £££ 

[0 0 28] ifc. »RXtt. KMt, g^t^(i7>yYt 

fr*. ^^flSfcLTtt, a^hft (CoF 

e) fc. yf->>A (Li), <i;ijr>i, (Be) 
'J^A (Na), V^y^A (Mg), T^S^A 
(Al ) H i^Uny (Si ) , 0^ (P) . 
(K) . it)Vis*7J* (Ca), XfjyV^h. (Sc), 
^''J^A (Ga), ^fi^A (Rb) , XfP^ 
A (Sr) H >f7h'JW(Y) . -bi/^A (Cs), 
W*7J* (Ba) my>?>WMzmtljxMcryJ>% 

[0 0 2 9] 4fc, 9RX<0*iRli, fffitf, ^t-/^ 
V>?. M^mm. CVD%b'c0ljmzj:t)'fTd Zbtf 

ammsx-bi. 

[0030] H2 (b) izmitikoiz. min 
i\&mm 2 4 a t m2 <on±M,m 2 a b & . ^ 
ftwttt. k» (o) , sm (n) *sv>ii77« 

( f ) $#^r t /c»H^tcii-rc t k i v) ^ mmx b T 

4Ba6qBjS§*i4. L*>L. -?-^T^T«!!« 2 2(iK^ 
«I^ASHl2 4A3WBjS$^Li. o4 0, * 

^«®2 4«^ft«)]isj?ii % awx^RJifc: i onew 

< ffM-f § i k lfix-% h . 

[0031] i^tr , T«»»a5fc:str*^ h 

ffl^Sr*t$-y-o-3, ®l<7)^Ktt^Jiii2 2fcm 
2 <09fiSH£^M 2 6k <rm§mtj;i) -y T y y 

&ixm%m.itmmimi z b 4 . 

[00 32] 4fc, Hl^MH2fcfiV^li. ^JR/i 
2 4*i 2S«<7)^SS*^^S%^^^ L^!^\ * 
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[0033] jjitk. ttommtirtpimsffiSitm 

[0 0 34] jfc-f. #&K*2 40*mi:Lm Kfc 

£i2. #£Wl2 4<Dh-?A#£ti3nmOT£-f£ 
Mzm< tch b ft AM 2 4 ^M^^fPf MIoMfiSttflc^ 

m 2 2 . 2 6 ^iawa^fl&&*#/jN$ < $ 9 . # 

m&*m 3 0 fc« LfcSftgtttfc&M 2 6 OHWfofl! 

£ f*S fcfcfctt. ^|&M 2 4 «0£tW5 & 2 n m&T 

[0035] ?|&M 2 4 LTR3$«814ftc. 
L<te3Saififlc£fflUSiB£fctt, #&M2 4*:frl, 
T±T^ttS2 2, 2 6*«SWtH#{t}#6. ft., 
T . &4M 2 4 tfOMt^JU?^' 5 n mjaTT&fUf + 

^S8tt+ ise 3 o mitzmimmm 2 6m 

ttW*£££#£fc«>fc:tt, #&M2 4<0£SftoJ?aJi 

3 nmjaTO&S .1 biMA L\\ 

[00 3 61 m:. 3t«ttft*fflv^ii:J:0*#=SrM 

t0037]ifc, ^&M 2 4<3*ma t ^t»tt*? 

5 omtTfcS Z b im& L < . 3 0 01CJSU:T*S 

T<7)3£©tett/f 2 2. 2 e^JS^RW^tt^flrt - 

[00 38] fc£U *»flttJV^i, tt*m5®t 
S -e-6 2 4 £ £>5S>BSttfc 2 2. 2 6 Ttt 

#&M2 4<0|SflNi* ^a-iJ-^^Fe (ft) 
f-fcifctfaiUv, i<0*ftfci-aT. NiO (Rffc 
* Z b iz X ->X-HHzl6\ i i: 
[0039]-*, #&M 2 4 <7)fl3R*<ai«tt* , C& 

i o o vy±?h iztm±i<* 200 xm-ca 

m±m 2 4 £HNft>&&BE&ftlR 2 2.26 T'&fr 

*.a.y-£{i±#W-S. ^JS«2 4<7)MM 

tt* a - U -jS^KV > F e £ 2 fcfcfcC o V Y 



wet. zt>t,z+tt%*3.-v-&mmzztviii 

[ 0 0 4 0 ] ±T^«tt^iSjl2 2 . 2 6C0 
fc. ®-ft^BS9 0So^S:^LT^LTV^Tt^ 

s-^o5s$(±. 4 o o o e fwanawc 1 okhp«j 

[0041] ±TBttJi««f^*Tfffc:^s^»fc:{i. 
**IW2 4<0*mi:LT5l«tt*. tL<(47x'JJS 

^ ^ -y ^ ( ) fc» LTMff^afttfRTO: 

wtt&ioKmmzm^zttfMtLw 

[0042] <?%b*>. 1teBUa24<ntmb LT(i. 

*P. SaR^nfcLfc^fc:. SPX (n-0. 2) gT 
SPX (n + 0. 2) *«3IJ|§#i4J:3*t^fflv^ 

ffl^mz&^x±i i mitAt°><7)mM<oztx% 

[0043] ^ftWfcli, 0fi.tr. N i O (Kft- .y^r 

&^zm\Lx^hmm*m^&zbifiX'*h. n 
i oc?) (ill) le^iijiN i wftm/m&Bftm/- 
v ^m^B/mmm^n/- >y yivw-Tm b^onm 

*/- y T^w.^m/wmm.^m/- ? ^ivw^mx-h 

* t flHRtcifi < J: 3 1 . n&Wi 2 4 

tZbjmtl^K fit. h-^^t LT^B^WJS^ 

[0044] <i ^ f. ffie^jgs«oj¥$(i, -mm 
£&^mi%?mmm®4mmmizmix^iikm% 

-#^ffidi£i ^wmm?m<?>&mmmizm t x \, ^ &m 
fc^T i . mmimmizmmtz z t wx-$ i . 

[0045] ±T^5SJStt*^SS 22.26 
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RffTCtSfcfttli, !&9lM24<7)tmk LX. fx. 
£P. gfStent Ur«*fc. 5CPx (n + 0. 3) 

gpx( n +o. 7) tfm&ztLixo%i>(Q&mm 

Zkim&l\,\. ZZX\ r&MfMJj 
[0046] SftHfcli, fliRif, N i O (ttfba 7 

^mzmmix ^tmmm^iz twc^i. z 

£&&MM2 4<r)mm&tg(5£t&Zi:im&l\\ ffl 

ft. *&£-f LfcVofcDfc3irca6^{i&^. 
[0 04 7] i/c. 7i'J«ttMfflU^i,. 
tttt i: «TMItS 1 & h H&BM 2 4b cDWmX'W? 

[0048] #£»i2 4UU T^7rX (# 

Vm?$>Z>Zbi>mtK. BffifMlixe^i/^ 
W»fc*6;i:*«S4,ta*L^. _tT»ttJi2 

[ 0 0 4 9 ] J Jfc. 2 4{±. ^fcamw^ 

ttttl 2 2,26 »fW5 ; t S 

c o o 5 o ] ttz. mT£Mmmt-t&mt%i>*>, 
m 2 (oitejui 24Bt mm&fcmm 2 6 1 wan 

^mnm&li2nmy±fo~?Xi>J:^1)K 2nmHTt 

i>izktfxmti\,\ %m<m{}\tf2nmv±.x'h 

& b . WT5iM{%Mtf£ik?&tzisb<,zMR&mi,zm$- 
IX It o. mi fcW^U; J o lz. Jxm$&M 1 0 & 
TrnzmirtitgrS lz lix f y > ^)V7WWffl&ffi±M 

# ^m^it^s i t #t-# & . i com&izm 

ifttLTii. ^;MTa) , (Ti ) , ?a 



A (Cr) , T^S-^A (Al ) %Z&M\*&Zktf 

•ess. 

[ 0 0 5 1 ] 4fc % S«f:tf5iBfitt*|fti±3-fr5Ti|Ji 
*RW\ 3 6(C. <£<9±£H (Cu) , £ (Au) , ft 
( Ag ) CO J; 0^ B H B Ef6|tt^|fi)±§-frS#^t^«HL 

b. *<0±fc«IBIS*i.6AIMIi:«ft?3eB[tfDiai % 5 

R^^±# t , J: 0 ^§ R^* Sit 7&>'T" 
[0052] WFFSMtMb LX<ommM2 4tt, ^-f 

iztizx*). %vf-Biitm&fth z t mm 
mnmi. i.miwxo %mm.m 1 o &Ti«t:» 

4. 

[0 0 53]3l«tt»A»i2 2. 2 6.ftSl«S2 
WiStt«4 OOWRi: LTIi, (Ni), 
*HCo),|(Fe) %¥<nw!mm^hzbtf 

X'%&i>K NiFe, CoFe^rt'(73j;a^27C^®itt 

^A-ctsu. mz^mR^mtm^mmm 

tt*#4fcftfctt, nA;^ (Co) *^«fflt^ 
SrfflV i t U\ n'^ h jR^* fflv ^ Z b 
izZ^tZxvy&ftmLb. m&iTBiatmb 

znhzbmmb**). ±*%wLR%m&iRhzk.tf 
[ o o 5 4 ] tn.. mw&mmm2 2 , 2 6<^>tm 

«, LfcR-T*6ieWi^<, -^'N i Fe 
X\ Wi1fiCoFeb^oXo\,zmxl>^\ ZCOM 
^fcli, ^B»tt*ISIJl3 0fc»LTk^V^S«ttflcAS( 

if 2 2 fOffi^a I Yfjffis-Y y h <^&*?&fi«t s ; t 

r) . (Ta) , +fy (Ti) , vn'+^A 

(V) s J-y^fy (W) % os/? a (Rh) s 

a ( r u ) ^ ^s^-flaaiffis*asarr4 ^ t 

mtLw 

[0055] mz. muzmuzffimz&^x, mi 
wmmfoikm 22* 2mmmb t . *nTme>m 
ommmb ixmmmzmmtim. mm* 
R%&mjkt&mbLxmz#&zktfT'Zz. z<r> 

Mitf , ny^N (Co) Wm.is±ZWflZkm 
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tarnt u\ 

[00 5 6] Zfl^C0Wm22, 2 6.40 

%-oT^?i>&\,K Mti£. CoFe/Cu<9j:3&2 
mffl&kZtlXKXh&W itdt. CoFe/Ru/ 

[00 5 7] ZtL^mmit. i&i*Lhffi,\a]L 

x^imit^\w. MfflmfoLx^izLbwsiti, 
< . m&m-mmtff c ccommxa (una 

ffi,&llX\^Z>ZbtfWt L<. bccflKi<oKtt»"^i 
(100) ffiiHflLT^ftCi^ilSLC hcpfilit 

1 0 0 5 8 ] *fMHO«2«HSt^WB!ito^T 

^mtrnmcommm^m^h . m&wm 

±iz. £9feflH£JB 10.^1 «7)Jlttii2 0 . ^ft^is 

« 3 o . m 2 comm 4 0 . RWE&mm 5 0 #c oj® 

hZb ifiX # ft 0)X\ m-nMHziXR-WPtttf 1 

xmrnzmwirmtz. 

[00 59] iJt. Hlfcfl*Lfc«ttttIt8 0. 8 0 

fcHffi8 2. 8 2{±. m3iZt5^Xl±ffi&ff)KiblZim 
Ui. 

[0060] ^mmmmiz^xa. m 1 0WBm#£ 

fc^TJi. »1^5|«ttft^»i2 2tt. »1<0«2 2 

Afcm2^)ii22BtSr«if Ucffi)i£ *t ft . 
[006 1] 8K0JB2 2A14. LTHS 
WfcfftBU ZcoWmb iXit. *#=Sr-*iaiM*tti 

KCo) »»tt£&£ #(f ft ; b ifiX' % . a; ^ h 

ft (Fe) . -yjrA> (Ni).i (Au) . & 

(Ag) . Kcu) . j*7wj» <p d) . (p 

t ) . 4 V : J*JA ( I r ) . ( Rh ) . )Uf~ 

(Ru) . (Os) . J\7~fyA (H 

IKii&mifhZbifiX'tZ,, 

[0 0 6 2] m2(7)®2 2B{i. WMMmb LTftffl 

l a *»«tttttt$#tft t i: t> fc. nmm 2A<m 
mmiptei. ^tn, minm&Bizmixtimi 
m2 com 2 2 BnmsmwRfs tximmm 2 a m& 



#ft. S2tf>Ji2 2B*)tfflfcl,Tli. fiUtfs -7^ 
;K N i ) %py&&£Wf ft 1 b ft . 

[0063] ^«0g»fc imr, 1 mmmmm 1 
xwMUzm«o%)$ktfmnizmt>ti. min 
3*»tt#£iw2 2fc*jvvc, ^^swfewev^itfj 

J 0 £-:m*JI;frtt«Jtef** i b & ft . 
[0064] friz. *$ttycr>%3cr>mMcr>BMiZ'?UX 
Wmtl. H4J4. *%Wcr>&3<r)mMcr>Bmizfrfr& 

±tc. s&i&iM 1 0 . « 1 ^i4ji2 0 . jm&Pia 

S3 0. m2<7)«ttS4 0. mfft&W,M5 Otfznm 
Ji. ai7 1 ;Sll2tKLTIa3iL7ti«i:ffifB||Bi^i:-t 

[0 06 5] Hlfc«^Lfc««ttK8 0. 8 0 

[0066] *^M9g»fc:t5V^Ttt. ©1 ^JSttil2 0 
^ : 5r< 1 1 2»o#AIMiiil«Sr< 1 1 3JI 

04(cmUJtft*Wcfev^T(i. ^l^JSttif2 0 
it. 1 &Wtik-kmfrt>%&miC0!g2 2A. 
MS 2 4 A . 3*aHtft^*W9fr6S2<0Ji2 2B, ft 
2«^mJl2 4B^. aB»tt*AfiW»<5,5:4ft3tfD 
» 2 6 ^ ; OJItSJi LfcflBS* ^rrs . 
[0067] «ftfflW«t*J|fi|l^ftfcAfc:|i^ 
*Aft&»/?,4-6#Jl s t**>^ftl-ft3«iB2 2A, 

2 2 b . av 2 6 mm** -v T V y?&m*t& & 
s«2 4 Am 2 4Btotm&n<i-i&&ifif > &tf s 

h£<0lzB< JMI-l b . t°y* f ^ t^-f 

[0068] znm ix. ^mmmizim. *a 

M«24At24Bt SrS'JHWRft* ^WIJl 

&&ww&mmmM&m*t>%z>!acr>fflizftmizftiE 

Z-t&ZtlzJ:*)^ tresis— y^fc-*cff=&L d * Jt ■5=Sr 

r >j > ^srm loo . m^cDmmfcMoihmztgmz 
*thc\bifix°*h. zm%bix. ®Mmm&m 

M R^tt^Hilf ft i b 36*t* ft . 
[0069] *^bj^4 coHSteoJBUfcov^T 
^■tft. 135 Ji. *j^iQft4«}|dt^lBfc:^ft 
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o, ^icDmm2o. im&*ms3o, mom.® 
ma o . Rxf4$&mm5 otfL^mmmziitdm.* 
m<vmmm®.^m\$. mimm2\,z 
mixmmuzi>cotwmmmt-^^c\ btn-^ &<o 

[0070] 4^. mim^Ltzmmimso , so 

[oo7H *mmmiz&^xi±. n i <?>mm 2 0 
miz%Lxmt>titz%m&fo&mmK 

(Li),\iJiJ-)A(Be) 1 fbyr)A(Na) 1 
^'*>"7A (Mg) N T^S^^A (Al K yija 
> (S i ) , ^ (P) , #'J?A (K) , X/lisVA 

(Ca) , X^y^A (Sc), ^'U^A (Ga) , 
/H=*£*>A (Rb) , Xbuy^A (Sr)^ 7 f 
U^A (Y) . -fcS^A (Cs ) s /HJ^ (Ba) 21 

5 y * v^iJfcJR-t § tES^^t < t 1> v vfftj&» £ 1 

MLtcMmilzauxii. SlOfflEttJB2 0tt, ftio 
3»8Stt&iMi 2 2 ' t ft&fffi 2 4 t ft 2 <03$figttft 

%Kt£ft&RB2 2 ' 14. iJEUrVvffia^jjsjffc 1 

[0072] 2 4 «ll ft 1 <7»tttt<& 

IW2 2'^BSilHfc. SHL £ttt7'vfcZit&Z 

*#&®12 4 zmmt&zt&v* t . l 

14\ IS4^J*L^«jtCJ3V^. 3$S8ttft£JSJl2 2 
A&tf 2 2 B<r,^£< t fclvtfftjWc % ( L 

i ) , ^yj^A (Be) , fhiJW (Na) , 7/ 
*>">A (Mg) . T>l=i-V& (Al), yij3> 

(Si), 9 A* ( p ) . # y ^ a ( k ) , t)Vis^& 

(Ca) . XtiVVfJl* (Sc),^*y>)A(Ga), 
^h'S^A (Rb) , XNnyf>>A ( Sr ) . >f >/h 
'J^A (Y) . -tr^A (Cs) . A-y^i, (Ba) a 
t/'^y 9ym^zW&himayyts;< t i>\,*ftifr& l 

[00 74]aic, *f6^B<0ft5OSISt0JBJSfcoV^T 
KW"*. H6J4, *ft^ft503gltt>JBStota&>£ 

0 , ft 1 «0«fte 2 0 . ^tt^S3 0 , ft 2<7)iStt 
«4 0 , Mftt&mm 5 0ifiZ.<nM£toMZtit:z t°y 



i Jbwm 2 izm txnm Ltz^t wmm t-t&zt 
h<r>x\ m-mmzim-mmnixmM 

1 0 0 7 5 ] ifc. 0 1 fc0!SLfc«aat«8 0, 8 o 

[00 7 6] tiWtiiUTt, ftlf)«ttl2 0 
tt. ttttttflc&m 2 2k #£JSJf 2 4 ' t WBXffi& 

ms2 6b mmitzmm^ti . * lt . i^sji 
vm^mmzp. mmntimiz. spx( n + 

0. 3)STgPX( n + 0. 7) <?tifflftb-r&. 
[0077] ;<OJ:34«lfii:^4;fcfcJ:i3. 
* 2 4 ' *&tJtf±T<0»Bffift£«1 2 2, 2 6 CO® 

2 4 ' <7)iI^ffi^S-±|B^ J: o ZfflWtt t , 
*l<'5«tEJB2 0*^*>>5)* tisyizTH 7i?S3iKtt 

^®Etts 22,26 (omfummib o tz#>, mm 
mm-t%bt>m i 2 oj&«7 ^)-mtts:bhm2 
<mm4 oi,z^immm+wz^<i-^zb^ 

£ . ^rfc^ft l <7)®;tt/i 2 0 *>/5>co» 

ft 1 cOKtt« 2 0 £ yytf >y C^Wimmt 

[00 78] 4jt, V^(9>|,x^df a 5-^tfyys;^ 
T'J4. 7y-«cr))lffSr{i<^^t{cJ:0, J:0±# 

^mmmmizxtm. m 1 ^attS2 o ^yy-tf ^ <y 

d fc i o 7 y -®i-h«-tis< -f * 

[0079] ^|U| 2 4 ' <Oft*Mi: LT{4, Mi 
(f, -7^(Ni) **WUfci8ftft**{fs;fc*J 

Jifcfcv^Tti, i\F&mm2 4' <7)%mijmzfrx . zti 

[0080] <fc{c, *ft5HIBBa<^®«|fcov^TH 

[0081] -r^^fe, *^Mc7)fi^et^s^ 
*> . R^attJf 1 0 . ft 1 <7>Ktti 2 0 , im&tyTm 
3 0 . w.2<mmA 0 . a^^BH 5 owzmiz. 
mmntizvys-oimmGi-z. mnmm 

W8&9M\t* miJb&m2lzmLX1$mLtzi>cr>tWL 
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[0082] ^mwmmizm^xi). micom&jg2o 
a. msoefc&Mm 22 1 #&mn 2 a ■ 1 
mm 2 6 1 mm urnes*^* . * lt . $&wm 

24' te. E3tBKttflr?*9» ao. znmmzr, % 

0. 2)^TgPx(n + 0. 2) cr>®fflf*it~t&, 

too8 3] znzoKmttLb-tizbtzx*)^ wm 

M2A' ££U£±T^$tttt£JS/f 2 2, 2 6<0& 

MM 2 4' «JE^ffi^^±fB^J;3^$lj^ St ^ R 
S88tt*«BSWW6£*fflVvc v 3$$tt#:2 2 . 2 6 £ 

[0084] ft&RM2 4 ' VM&Mk LTIi. Ml 

x"%%>. mm, Mfc--?'r)i-$:mmmws»\%itrmm 
^tf^faktc&m^Fiwttfjiimzmmztii. *^mm 

[ 0 0 8 5 ] Jfcfc, *j^WO»6«HM[«OJB)j6tov^r 

o.mi comm 2 0 , im&*mm 0 , ®2^«tt 
*4o, Bxfitt&wt 5 0 ^w-r^ . zmnmrnwn 
wait minmm2izmixm%Lt:i>cr>km 
mmt -fhz\b ifix-% &<dx\ is)— (D^ftizim— 

LTPiif &IMi#B&-r 4 . 
[ 0 0 8 6 ] Hi fcfl|ij*U:*BEttlR8 0.80 

[0087] **H8B«fc:tiivttt. £M0WM>mi¥ 

, asRiifc . KSSmttJI 1 0 . H 1 OBSttjf 2 
0 . «ttf 1^1 3 0 . |$ 2 mm A 0 . 

Biz&^ximmcDfmtfMxfo o . mmcoTt&s 6 o 
m 3 o . m i osm£jb 2 0 . £%bi£b 1 0 tfzmm 
[0088] fit. *mffimtzt5\*xi>. micnmtt 



«20£«t&Jf22. 24A. 24B. &X/26<D 

mmmmt. mimmmmm^tmxm. -t% 

JEfcBLL LT#£M 2 4 fioJ&-(c#ft 

■f*>tft^h-/rJikLT<oa»i*#r5. fit. * 

*WB«fctJ^Ttt. *2 4Afc3&»tt*£JW2 2fc 
[0089] *£fflBjBC J: nX i , ^^RJf 2 4 <7)$| 

w^flBf < K-ofy-izmm-z ; t . tc 1 mmm 

[0090] «aLfc»2-*5SQ«B«t:|«L 

-etLtouT. #^a«5o. m2<r>mm4o, im 
tifprnm 3 o . » i comets 2 o . B$m&m 1 o <m. 

[0091] mkoiz, ms<ommm^x <> , 

[ 0 0 9 2 ] JJU:. *l-*6<0SQtOJgfflk LT. ^ 
[0093] —J. *^*«fflR»^6^|5JBtt, 0 

Ji. SrSoafcht. S^KttSl 0. #^JR®2 4, 

* i <rmm 2 o . iwe&wt 30.^2 fMaatJi4 
0 . n±mm 5 0 cojitaa ztix^i. mm^zrn 
ix &m<?)mM%ffitfLwmii. miib^m2iz 
mixmmuzi>cr>k mmmk -tzzt « <r> 
x\ n-cnm^zim-m^nLxmm^mmt^ 

•■tS. ifc. &lfc«^Lfc«»fflR8(K 80t? 
®8 2, 8 2i. H8(CtJ^T«4«*«fc«>fc««L 

[0094] H8tW*L/SflBtfct5^Ttt, 

#^«J12 4 i^h&JgJf 5 0 fc^iaTmffi^ftf&^Dii 

mHi. I rMn s PtMn, NiMn, FeMnfi 

[0095] ifc, *^Ka2 4Wff«f:LTtt» Mi. 
II NiO, CoO. Fe 3 0 4 l Fe 2 0 3 

raa«tt*^-4fl«*aBRt* i t fc J: 0 . ^MS3$ 

^m^st^^fis i t ^'t# £ . 

[0096] @8c0fl|^feV^TI±. TA® 



(tl))00-252548 ( P 2 0 0 0 - 2 5JL8 



£*f#4fc*>fc:j;i. wf-satmt 4s*^Ri2 4 it. 

t\>\ #^R«2 4tLT. mmmm^i^z 

it. -f-^fiW^SnmJaTil-fSiii^a L<, Sfe 
t=2nmJaTfc"t*;4:fcJ:-3TS4>t:iftBHfttfc«i 
fcA>f 7X#14?H# I z fc & . 

[00 9 7]|fefeS/f2 4fc LT. »Bttfr&ffltiS* 

*«Wi5nmJTFfc?-S£fc#aai,<, 
$ 4>fc 2 nmOTfc-ri. Zbl/ZX-oX^ ^tcaUWttfc: 
Wut A>f TJOBtt S £ fc #T'§ § . 

*>±fc. mivB&immi oa. ##mji 24, sg2 
i ob, m o^tts 2 o , maa&mi 

3 0. ®2<3»tt*4 0. #£«15 O^'^JIfcifJf 
I'M, 01J1^2(cHLTfl^Lfci<Ofc8»|18fc 

ixmrnzmmrmtz. mfc«*u;«« 

tt§£80, 80fcmffi82, 82i, H9fc*5Wttt|ir 

[00 99] £o j; .3 £ n £$jgigg i OO+BfcVP 

Stfllttft fc %$tt#fc L, ?M<7y 
Stefc.fcO. J:9JI#fr«flMWte*3BBLoo, ft 

ffiR»SS*fc: «fc § MRcoii^Hf S £ fc rt*T'# S . 
[0 100] ifc, gsitf)£5&«ttJBl OA&tfl OB 

^ffftfc LTJi:, IrMn. PtMn. NiMn, Fe 

-*|6] H#tt£ i> o, * ; fc # 

[ o 1 0 1 ] |^||2 4<Vtt®t 0U 
11 NiO, CoO, Fe 3 0 4 , Fe 2 0 3 
V^ifc*«T#4. #A«i2 4<af>mfcl/C, 

ESMtzni-ztm&mijfr&z t iz j o . &jkr5$ 

iff &t^£ft$«£f# 4 ; fc & . 
[0102] £tz, i. *)±Z%MR®%£ftlt Z Mz 
It, %2<?)&fflfflMlOB<7)9tm*"CZ&iHM<i- 

bZttm&K* 3 nmaTTfc&Ztfimil\,\ 

te. 10nmJ2l"FC*S£fc#a*U\ S4>fc, +ft 

i oAii, sifct-cs*. 

[0 1 0 3]-*. «rtM«£*»gltT«>S^. H 

i oa, «flfi»**±Tciftf«;««*fl^ts»ft 



1 0 , » 1 DflttMl 2 0 , f I8W 3 0 , 

m2comm4 o . mutMSja 30. mi <omas2 
0. sasm&Mi 0. ffig«6o^<7)ji^j|$^T 
us. oto. m^mmcoim^mz. ?v-iat%& 
m2comm4 omm^ti. ^^Tiznmz^mM 
3o*ffixm2o%k'm.ttt! > tixm. mmmix 

t . #»^W««:fl|«-«?«8«i ,01 7^S0 2 (cn l 
"CWJfiLfcfcOfcWRBKfc-tSifcj&f^^seo^ jsj 

*. 4fe, HlfcfflK5Lfe«BMt«8 0, 8 0fc«^8 
2. 82^>. Hi OtztsMXlim&oi&btztmin. 

[0104] zzx\ mioizmitzmmzMix. m 

*ifc**^#4. -ftchh. Hl~09(:MLTBtrieL 
^-?-il-e"il<7)OT^it^2^)llttJl4 0 &^fc LT 
±Tt«»fc»Jt 4 C fc h . 
[0 10 5] ;^>J:-5t:. 7U-Jffc5rsaffiJB4 0^ 
±Tfc«fclfflM fc * l>Sffii 2 0 mifl Z fc J: 
0, H 1-119 tWLT|fri!ELfcia*^«6*KaBxT, 
i&MtWWfeX-t* ^tM RSBft**^4 £ fc 
#T"&&fcM^3IM#^ft.g,„ Sit, 7U-«*«Sa 

[0106] d tfD i 3 7 >j -JB<0±Ttafl: 

@*®^i£ft^fc, «^ii*Ji*^^«ijamw^*^ 

ftB»»6«l«<^ft^^2«C!Sr*. ^T, 

■9>6 r ^>"bT^-y^S^?Stt«jSj tffl^&Cfcj&tJ: 

hi itfc^T(i, ®-ftia«efc^^^ii7) 
2 0 -eii^m 1 <7>5$Ki4*^Jia 2 2 a , 

/Pr-^A (Ru) 128, SE2<oaHBttf4c^JSJB2 2 
B , fteXUK 2 4,^3 ^SfifltttMc^MI 2 2 C * J«t 

( R u ) 1 2 8 *|ftft« fc , •t»±T^)5l8tt*Mi<0« 
fldr^RW fc . -o 1 0 , $ l aSfiftttft&gjg 

2 2 A^Kriftitjj lt , m 2 «o^jitt»^jg« 2 2 
b m3nmm&&mm2 2 ctrnxamifiwrnt 

^T, iS2 2A«Hlf^LT. «2 2BC0)i 
*fcJ!2 2 C^UBir«)^»hWia^L< Sr& J: 3 tt*i 
. IS l wJlttS 2 0 mmzte \ ^T^fl«0BMtfiri6i*< 

**ffff-sifc*fr#s. 
[0 l 0 7 ] Hi icommz&^Xte. 
24*S»tSifcfcJ:-,T, S^^ftWKBS-ti-*^ 
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*Ufc 2 ^<mmm 2 4 «3i>U?Mffi£Sf 

*U 7U-^^^2^ttjf4 0tLTMl?2n 

[0 1 08] Hi l<0flBBfc*5^t«i. #£JgJl 
2 4 £ A« 2 8 1 % 2 OBtttfi 4 0 k OHIlcR 

[ o i o 9 ] *^H^«miaiig«touTiiBfj 

[0 110101214, £<Z)J:3£«5l£«SS0lJ» 

v vt^ossarca § . Emz&\ ^x , ssm-f a ? 1 

5 Hi. xeyK;H5 2(;gt§^ HSL&v» 

\c i o miK-ti) . «»r * x ? 1 5 1 #$_h L/s«sre 

[0111] m&TlA? 1 5 1 •& t, 

n 5 3<r>mym$m (abs> tiasi-f -f 
i s i cr>mmfrm%m±&z %> -> x mztiz . 
[oi nitx'Oyayi 54{±. m^L^mm 

±Jf £>ftfcH^ L&t «rj 4 juk , £ 0)3 

[0 113] 7?faI-^7-Al 5 5<2. E^ftfil 
5 7 <?)±T 2 flTOf fclfttt fe*i.fcH^ L^r l »,f-K7 « J 

[0114] *w9nzxtutii. wmttzmmm^ 



ry«CE|JjDSfL0l»ESD (electrostatic disch 
arge : flKft) ffli^cT)^ 
«a»)<>|6|_tfrS. 

[0 11 5] £Lh<^»**»iJ> s $h?>y^L 

[0116] JJLL *fttycr>mm<7)BB^UXmtyl 

[0117] ifct, 

4.. 

[0 118] (Xftftl ) HiatXSl2*#!HLoo* 

m s mmi<7)mmmiz~D^xwffli-z>, t-r. mtft^ 

'^XS i ) SflLB^A-y^Cj^T, Ta5n 
m/Ni Fe2nm/I rMn5nm/Ni Fe 1 nm 
/CoFeO. 5nin4:V^«l«BtS:lfilSU 
ffiSrlxl 0-4 tor r<^)iBB(c6 0gia3tt, * 
£««2 4£#MU:. *l/C, ^IC^CCoF 
e2ni/Cu2nm/CoFe 2 nmfcl^ftfflfil 
£$KU -f-^fflS: lxlO-Hor ri7)K^{;6 

o»ias6LT^Ai5JB5o*»(6L,!t. -etr. 

ffiSJlfcLTTaO. 4nm**aiL. *»<f>fc: 

*W§il^ 0 C£7)^fc LTs Ta 5nm/N i F e 
2nm/I rMn5nm/NiFeO. 6nm/NiF 
eOO. 4nm/CoFeO0. 5nm/CoFe2n 
m/C u 2 n m/C o F e 1 . 6 n m/C o F e O 0 . 
4nm/TaO0. 4 nmfc V»5 «»flfii*m^^. 
^i"C, K£LfcI<V^N i Fe£ I rMnftCoFe 
St ^HfclfcUf ; fc fci 0 . #^JgJl2 4 £7)JKiPti 1 

[0119] ;<9fcft 4 fiHI®tJ|2 0tfe»t«^ll 

MRSEft*i 8%. -#fllt;frttara (H 

B B B ttSra#-tS^^c, *Ai512 4<^jsS<0fc^8 
mm 2 0 0 *C tzti V V>Tt, H 

#S2 o<oawfcgi«i$ttte^{iai*6ii*3&>-5jt. 

[0120] ( JtW 1 ) ±M?mW.M 1 CiftSlfc*^ 
^IWki'Uay (Si) 36IEJifcx^v^i6fc 
loT, Ta 5 nra/N i Fe 2nm/I rMn 5 nm 
/CoFe2. Onmk^ommffi&mmi. Zcr>% 
B^lxl0-4tor r(mMlZ6 0»H§ 4> U # 
AIW*»jftLfe. -?-LT. *<0±tS<5,tCoFe2 
nra/Cu2nm/CoFe2nma^SIII^ 
ML, -e^fflJr 1 x 1 0 - 4 t o r r<0H^(;6 Ogf 
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mt LTTaO. 4nm£tmi. ±mizm*)&L 
fe . Z ^fcSft. flffiOT a fc BHfcS flT RftV#$j£3 
ttfZ. Z<7)$mtlT. Ta5nm/NiFe2nra/ 
I r M n 5 n m/ C o F e 0 . 5nm/CoFe01. 
5nm/CoFe 2 nm/Cu 2 nm/CoFe 1 . 6 
nm/CoFeOO. 4nm/TaO0. 4nmtV^ 

C o F e ^iMM^trC *#A>ftfeC o F e 

OJIWJSSttl. SnmfcJK&oTLiofc. £<3fc 
ft. »4lMJItefcttSCoFeJBHfLfc«SS«^ 

H UA (i. 2 0OOefcffiTU:. tfe. lkfc<D%i 

g£ 2 o o °c (cii v ^TUfls l fe k z h . wsmrmsm 

mSMWZ t> fcJifr Lfe Z k tftyfrr>K „ 
[0121] (%ftM2 ) H3 £#B3loo#f£B|Jc7)Sg 

2 <^is0!fc-ov ^rsp»r«, . ft. mwitis u 3 y 

(S i ) fflULt^f-y^SCJnt. Ta5nm/N 
i F e 2 nm/I rMn 5 nm/C oF e 1 nm/N i 

i nmk^owaw&i^mt. ^auixio 

- 4 t o r r 6 0#HIS 6 U 2 4 £ 

ffiMLfe. fit, f<0itS<i(cCoFe2nm/C 

u2nm/CoFe2nmfc^3«l*)t£jSllU 

^HffiS: lxlO-nor rCOWmiZ 6 0#gj£ A, t 
T#AIW5 0*JBi£U:. ^Lf, *w±t, ftHH 
t LTTaO . 4nm«U ^+fcKDiBLfe. 

fe, Z<Dffi%ktX. Ta5 nm/Ni Fe 2 nm/I 
rMn 5nm/C oFe 1 nm/N i 0. 5nm/Ni 

00. 5nm/CoFe2nm/Cu2nm/CoFe 

1. 6nm/CoFeO0. 4nm/TaO0. 4 nm 

[0122] 4^atWti3V^TU, Rfl:U:< i m 

zmmizim, i rMnmkm-tmwicoFem* 

WJZZ. kl/ZX 9 „ 2 4 OMJFtt 1 n mCW 

fc&~>fe. 

[0123] i^feto. 2 0 t=*itt*^K 

fcfgixfe* t NVP^flfiS* ; fe . t 

fe. I rMnltCoFeIt«Of^MtJ:l + 

5 5 0 O e ; t fc. 3 6 N gftOtlAtt 

3t» fc . ^gjs 2 4 <m&niziMmitiak 

3te2 0 0rfcfeVvC3WLfc%afc* H yc&, o^jf 
[0124] ( ^WJ 3 ) 124 £#& Loo#f&HJ§<^3| 



(S i ) aS_ht^y\°-/^^(cj;-,T, Ta5nm/N 
i Fe 2 nm/I rMn 5 nm/CoFe lnmil^ 
miSffimZtfLmi. Z<mm$: 1 x 1 0~ 5 torrcT) 
KS£ 1 0 #HJS ^>L, HI <?)#&flll 2 4 A I 
fe„ -f-tT. ^IC^^CCoFelnm^tfL, 
t o— %.%<7)$mZ 1x10-5 tor r»i|(; 1 0 
#193 £U Sf20#£i5B2 4B*JR£U;. 
[ 0 1 2 5 ] § 4>te*tf!)_B:, C o F e 2 n m/C u 2 
nm/CoFe2nm!:^iIijlMU tff)$k 
ffl^lxl 0- 4 torr«if(;6 0^^,Lt# 

TTaO. 4nm£Jt»U ^tfrfcJROifJU;. 

*!I«TaiiWk$#LTIt^W3WpjftSiub. £ 

<7>i&S3l£:LT. Ta5 nm/N i Fe 2nm/I rMn 
5nm/CoFe0. 7nm/CoFeO0. 3nm/ 
CoFeO. 7nm/CoFeO0. 3nm/CoFe 
2nm/Cu2nm/CoFe 1. 6nm/CoFeO 
0. 4nm/TaO0. 4 nmh ^offlBtiffltim&tL 

[0126] 4^itWfc:t5V^T<i. SvflWfcfc J: 0 
*-/kW9PfiELd4flBI^CoFeOJi24A, 24 B 
*SHtS#, ;<Oi:'5fc:|fAlljB*2JBfc1-*;i:J: 

=5rM RSftii* ; t fe . 
[0127] (HSfeffl4 ) H5 Z^miii^fttycom 

(S i ) W&±)ZXn«*9 > ®Z.i.~>X. Ta5nm/N 
i Fe2nm/I r M n 5 nm/C o F e C r 2 nmi 
V^«Bfl!3t£j£|!U tor 
r«IMffc:6 0»fiIS4>L. *AKl2 4*»j$Lfc. 
■f-LT. -fO±t3$4>t, CoFe2nm/Cu2nm 
/CoFe2nmfcV^««|JS*JfiilL. **>£fflf* 
1 x 1 0 ~ 4 t o r r WiBRfc 6 O^WSS 4 LT^JS 

a0. 4nmWL, ^+«K0ffiLfe o Z.<M& 

ft, *ffli^)Ta«,iwi:s^-ciWMi*«»jfis<xfe. 

^fttLT. Ta 5 nm/Ni Fe2nm/IrMn5 
nm/CoFeCrl. 2 nm/C o F e C r O0 . 8 
nm/CoFe2nm/Cu2nm/CoFe 1. 6n 
m/CoFeOO. 4nm/TaO0. 4nmtl^l 

[0128] 3^atWttJV^TIi. C r ^a^fc^t, 

*g B B Htt5-et#-rsfei6{^ ft<kWM2Acmm)tz)hcr> 

iimm* 2 0 0°CtfeV^T||JSLfe^tfcV^i>. 

mm 2 o ^aMkiHmttfc^i* >t . 
[0129] mmm 5 ) mz. H6 mm loo, * 

y=»>(Si)«8LhCX''C.^ffit:J:oT, Ta5n 
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m/Ni Fe2nm/I rM n 5 nm/C o F e 0 . 5 
nm/CrO. 4 nmt fltfflffii£j£§tU *4>« 
ffi$-lxl0-5 torrOili(;lO#Kf>U * 
&IW2 4' WU, 

[01 30] §6fc*«0±fc. CoFe2nm/Cu2 
nm/CoFe2nmt03Sfl«jtJ^JlL, 
H&1X10-4 tor r <9R*fc3 £> LT#&MJf 5 
OSJBjfiLfc. *LT. -5-«±t. «S$|fcLTTa 
0. 4nm£«t«L. ^SWifcttDifiU:. £<aBSL 

i: LT, Ta 5nm/N i F e 2 nm/I rM n 5 nm 
/CoFeO. 5nm/Cr 2 0 3 0. 5nm/CoF 
e2nm/Cu2nm/CoFe 1. 6nm/CoFe 
00. 4nm/TaO0. 4 nmt b*?flUfflBEtt*& 6 

[0131] ^SfeMKfc^TJi. §££tti: LT ( 1 1 
1 ) Kl*Jtt£WU CoFieJWi, f c cjfjgfci: 0. 
(Ill) H£«B3*ft«3tfc:flr-jfc. c r 2 
0 3 tt* a^rAflKfifci: 0, ft^MWRiSfctt 

ftM^SE^I^^WMi. 0. 452nmT 
*£. <I<7)£*\ Cr 2 0 3 Jfi0i?§S:0. 5nmtL 

fcfcfcS. £0>t§S. Cr 2 O s «£tfcWf±TC o F 
e flii l . £i£5r«ft*Jtt**»& zttf 

^fgi IPfJtli, MR^$fcLT2 0%T' 

-umumm (h ua > ttT6ooo e & 

[0132] (%Sftffl6 ) 06 *«BLoo*» 

a^fSDUtit^^Sfciot. Ta5nm 
/N i F e 2 n m/ 1 r M n 5 n m/C o F e 2 n m/ 
CrO. 6nmi:V^flWifl!»*flUiL, Z^M* 1 
X 1 0 " 5 t o r rcoi^t 1 OftfflS £L, 
24' 

[0 13 3] S4,t^±fc, CoFe2nm/Cu2 
nm/CoFe2nmhU5filM)aU 
MSr 1 x 1 0- 4 t o r rtf>K*fc3 <5> 1/C#&»i5 
OfcJBJSLfc. *LT, *0>_h(C, ffiMJUt LTTa 
0. 4nmWU *«<WaR»)ffiLfc. £tf*rft H 

t LT, Ta 5 nm/N i F e 2 nm/I rMn 5 nm 
/CoFe 2nm/Cr 2 0 3 0. 7nm/CoFe2 
nm/Cu 2nm/CoFe 1 . 6nm/CoFeO 
0..4nm/TaO0. 4 nmt 1 1 3 fflJaflBatftt 4ft 

[01 34] *^»B«cisvvtt>, H£tfsi; LT ( 1 1 
l)El«!ltt*#U CoFefll f ccflfitt^fcO, 
(111) HI£«*3Htfc»iSfc£ofc. ifc, C r 2 



0 3 {±, 3 5 yyAitiss- fc o % mmmm^m^n 

jSSWIfcSlSiSrS'lfll^BaWJBaili. 0. 4 52nmT 
fo&. Z<r)t&>^ Cr 2 0 3 /I<7)J?$£0. 7nmiL 
Jti: *fctt, lW^£<2Bl»J|#3JnXJI3*i&£ 

fcfc&S. CKOteS. C r 2 0 3 Jf £t*/«f_tTC o F 

#&;fc#T'#. MR3Sft*i; LT1 9%£fi Set** 

[0135] mmmi) mz^ me 

3> (S i ) mUtlZX^vrMzk^X. Ta5nm 
/N i Fe 2 nm/I rMn 5 nm/CoF e 0. 5n 
m/FeO. 4nmt^mJBffi&*!mi. Z<vm 
^lX10-5tor r^v^HSRC 1 0g>H$ A, 
U #&M2 4' ifMLii. 
[0 136] 5<S>fc*«_tfc:, CoFe 2 nm/Cu 2 
nm/CoFe2nmfcV^*WH»£jJURL, -e^* 
ffiS-lxl0-4 to r r tffcSSfcS 4, trt^ms 5 
OtjmilZ. *LT. **>±fc, ftfflftfc LTTa 
0. 4nm£*JtU *SW>fcJR9aiU:. <Ii0|£3L 

tLT, Ta 5 nm/N i Fe 2 nm/I rMn 5 nm 
/CoFeO. 5nm/a-Fe 2 0 3 0. 5nm/C 
oFe2nm/Cu2nm/CoFe 1. 6 nm/C o 
FeOO. 4nm/TaO0. 4 n m b V> 5 HJfffjffr' 

[0137] a^ttWfcfeVvC <, N JRgftfc LT ( 1 1 

1 ) E|6Jtt£3rL. CoFell, f c c^jfS-t 0, 
(111) ffl£«Jf £tf£JfB£i>W^ ifc, a-F 

e 2 o 3 37>yj>mmzt o, 

fct KSff £rt LT F e fl#K3MIttft|g&£ LT£ 

*^«afc*e*irisi^>«si«^ii, o. 45 

8nmT"£>-?>. ZCOfclsb. Fe 2 0 3 ScoJf §S:0. 5 
n m t Lfc b # fcli, RJf^r|ft|fc:«aiSRJi3&* 2 ®i/f 

tc o f e mit^fizmm^u $%&mtm*& 

20%. -*|6jM^rttK^(H UA ) tLT600Oe 
^#S^t^'T'#/i„ 

[0138]*^:, a - F e 2 O 3 J±, KSIflttt^tm 

-rsa.s (*-A-iftK> * J 6 7ort^tcsv^, 

^HfcrV^xt LT«ffl3ii*iWKlirc*4 1 0 0 
[0139] 
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[ o 1 4 o ] i-r . *&mz jftjf n mmm<7)*m 
m* -y r y y y*vm ix mzmm^miZftz 

ZktfX'Zl. 

[0 1 4 1 ] tti. #f&HJ£i;fl«\ M@#J|<7)^ 

<oa*'W?mjffi\,wamtf)mt-tt> z 1 1 i 

[0 14 2] *f&fElcJ:ft«\ iSftH^jgt^v^ 
WLWM^m<rM%^j:A -v T V yfZ m& Loo s 1 

Teymwmcommzfemzit&zttfx'Zh. *m 

w^zjcuzmm ix±z %MRtm%mm-& z t # 
x-z&. 

[0143] *iaBic itLtr. ^A»i*tfiigt: 
s. 

*sff mmffimzm-?m&mx*fo& . 

[03 ] *f^m2^^ox^^^atMi^ 



[05 ] *mmA (omcoBmizfrfr&mmsfiffl 
m?mmffimzmiimmx°$>&. 

%m z ?cowmffimmt®%Mx*$)i>, 

[08] m^ftiifRitt- s^iii^Raiaffiita 

1 okcm t or B it^(t^w£^m-t0T-j> § . 

[01 0] «fti»«*±Tfc:a»tfeflBa*«f!^t4« 

&0T*#>£. 

[011] i/y-b-r^ v^^Kttlttt&SUBUfcSSB 
[012] W^JSMiail^a^ifB&^Sr^tl) 

io, ioa, iob mmm 
20 asioagji 

22. 22A, 22B, 22C 

24 -ii&wa 

24 A $l«£t&KJf 
24 B £2<Zgt&|UB 

2 6 Sltttt^fUl 

2 8 ^f-^^AJl 

30 im&^mm 

4 0 352£)fi8ttJt 

5 0 #£JgJf 

6 o Tm. mm 
so aBttflg 

82 $|g 

150 K^ISS^B 

151 HStr-f*? 

153 A.-yH^7^^ 

154 tWyHV 

155 7^faI-^7-A 

156 ,f>fX3'f;l't-^ 

157 ®5£fi& 
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[01] [02] 
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[H7] [m9] 
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[012] 
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